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Towards Better Educations. DAvin SNEDDEN. ix 


$4.00. Teachers Coll ge, Columbia 


+ 427 pp. 


University Press. 


sociological examinations on a 
problems of coordinating pur 


Two chapters are 


Some critical 

variety of current 
poses and methods in education 
devoted to proposed changes in education for the 


gifted as well as the dull 


Molecular Rays. Ronaup G. FRASER. xiii +204 
pp. $3.75. Illustrated. Macmillan Company. 

An account of the technique of the molecular ray 
method developed in recent years by the Hamburg 
School of Physical Chemistry, and of the experi 
mental results obtained by its use This monograph 
intends to survey the field rather than examine it in 
detail 
Electrochemistry. C. J. BROoCKMAN. ix+348 pp. 
Illustrated. $4.00. D. Van Nostrand and Com 


pany. 


The aim of the author is to point out the applica- 
tions of the electric current in the various phases 
of chemical manufacture The volume is intended 
primarily for the chemist, manufacturer and plent 
manager, and an attempt has been made to presént 
the subject in non-technical language 


A Treatise on Trout for the Progressive Angler. 
CHARLES Z. SOUTHARD. xiii+267 pp. Illustrated. 
$5.00. E. P. Dutton and Company. 

A practical book for the fisherman describing the 
methods of fishing for trout. A large part of the 
book is devoted to the habits and psychology of 


these fish with chapters bearing such titles as “The 
Fish Mind” and “Do Trout Suffer Pain?” 


Paradise Quest. Lee S. CRANDALL. xviii+226 


pp. Illustrated. $3.50. Charles Seribner’s Sons. 


A narrative account of a naturalist’s experiences in 
New Guinea where he went in search of birds of 
Paradise The author is Curator of Birds at the 


New York Zoological Park 





Ancient Americans. Emity C. Davis. xii+311 


pp. Illustrated. $3.50. Henry Holt and Com- 


pany. 


This is the archaeological story of two continents. 
In it the author writes of the prehistoric Indian 
civilizations in North America and South America, 
based on the latest archeological discoveries. The 
story of the tribes and races includes the Aztecs, 
Mayas, Eskimos, Incas and the Mound Builders 
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From Telegraphy to Television. 
CRAWLEY. Illustrated. 
erick Warne and Company. 


xi +212 pp. $2.50. 


A general view of the whole range of electrical 
communications from the most primitive form of 
telegraph to the latest discoveries in television, told 
It contains forty-four illus- 


in a non-technical way. 
trations. 


o”7 


JULIAN HUXLEY. x+278 
pp. $2.50, 


b pa 


Harper Brothers. 


An English scientist examines religion and the 
nature of man in the light of modern science, and 
points out a way to the future of human action and 
belief A portion of the book is made up of the 
lectures given at the Henry LaBarre Jayne Founda 
tion in Philadelphia 


Wise Men Worship. Mase. HILL. 
E. P. Dutton and Company. 


134 pp. $1 .00. 


A compilation of excerpts from the writings of 
scientists, philosophers and professional men con 
cerning religion Among the views of scientific men 
presented are those of Einstein, Eddington, Millikan 
and Pupin The introduction is written by Pro- 
fessor William Lyon Phelps 


The Insect Menace. L. O. Howarp. xvi+347 


$3.50. 


pp. Illustrated. Century Company. 

A popular book on economic entomology written 
for the layman, emphasizing the “menace” of in 
sects to our civilization. The methods of control, 
as well as the damage caused by insects, are de 
scribed. The author was formerly chief entomologist 
in the U. S. Department of Agriculture 





A Check-List of the Birds of the World. Jags 
LEE PETERS. Xvlii+345 pp. $3.50. Harvard 
University Press. 


The first volume of a catalog of birds. References 
genus and species. 


fossil birds 


are given for each recognized 
The list deals with only recent birds; 
are omitted. The normal range of each bird is in 
cluded 





Academic Organization and Control. . a 


KIRKPATRICK. xxiii+246 pp. $3.00. Antioch 


Press. 


The volume is divided into the three parts, pri- 
vately controlled institutions, publicly controlled in- 
stitutions and academic rights and powers. A study 
of the administrations of educational institutions 
through sketches of some of the leading universities 
and colleges. 


Modern Persia and Her Educational System. 
KHAN Sapig. $1.50. Colum- 





ISSA x+125 pp. 


bia University Press. 


The purpose of this work is to make an analysis 


of the present day educational system of Persia 
and to compare it with those of the United States 


and the most advanced countries of Europe. 


Epwarp R. WEIDLEIN and 
Illustrated. 








Science in Action. 
WituiaM A. HAmor. xvi+310 pp. 
$3.00. McGraw-Hill Book Company. 


A sketch of the value of scientific research in 
American industry, describing its development and 
influence, written in a non-technical language for 
the layman. The author outlines the methods of 
scientific management of industries. 
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SEARCHING OUT PLUTO—LOWELL’S TRANS- 
NEPTUNIAN PLANET X 


By ROGER LOWELL PUTNAM and Dr. V. M. SLIPHER 


| NTIL the thirteenth of Marel 17s] Tune in TS+4 
there had been only six known planets r WV rl 
including our own, and these had beet Adams, who, st 
KI ! rom time immemorial! Sa known 1 | s d 
lites of the major planets had been dis considerab 5 my 
vered, bu tT il ntents ha purposes qu ne DD 
tl stronomical world the that tl cleal s ! [ 
solar system was compl turbu "| most s 


while pati ine ti SK\ vil his 1 ( \ t! {y 

scope, as was his habit, a ivs alert tf Was firs bse) S 
anything that might be seen, was struck At the beginnin t] eentur 
I the appearance in tht field of his began to b ipp t 1 t Neptune 
Instrument of an exceptional cdisk-like not account for quit the p 
object. He at first thought that he had tions in the orbits f Uranus nd Ss 
discovered a new comet, and, in fact urn. Various invest tors ked 
announced it as such, but it did not take problem, notable an om was Di 
many weeks’ observation to show that it Pereival Low: a t mathemat 
was a non-cometary body at great dis is well as ‘ me} nd 
tance, and gradually he with others be very difficult problem particular | 
came persuaded that it was really a nev pealed to hin 

planet that he had discovered Wit! In his ‘‘ Memoir on lrans-Nep 
rough ealeulations of the orbit, its Planet,’’ published in 1915, Dr. L 
course could be traced back. and it was rave, Ina littie mol I n 100 p > l 


found that it had actually been seen’ with little intimation of the vears | 

and its position had been plotted man) had devoted to this difficult researe] 

times before, particularly by Lemonnier results of the theoret der 

but without its remarkable nature being planet bevond Nept s new 1 

recognized. These earlier positions wit! her of the solar fai ed. P 

the new ones enabled a pretty exact X i \ 

orbit to be caleulated we can not do better than to quote sor 
Then after two thirds of a century paragraphs Trom t rinni} 


came the remarkable discovery ol Nep ‘ONCLUSIO! I s ‘ \ 





THE SCIENTIFIC: MONTHLY 


DR. PERCIVAL LOWELI 











SHARE 


HING 


M. I 


OUT PLI 


equatior S 


favorabl 








INTIEIC 





VIONTHLY 


——————— OOOO 


FIG. 1 THE DOMI PHE 


While 
work was not completed and published 
L915, 
decade earlier, and he | 
the 


planet was finally found this 


until it was beeun more than a 


ad indeed found 
if the 


eXistence ¢ new 


1905 


indieations of 


as early as so encourag 


planet 
even 


ine were his theoretical findings, 

then, that the preliminary steps on the 

search for the planet were taken under 
The 

be pointed out 


X were 


his direction that vear interesting 


ecoineidenee should here 


that weak images of his Planet 


actually recorded on two plates made 
here the same year, 1915, that he made 
public his theoretical predictions, and 


E. C 
the planet 


were found last June by Slipher, 
aided by the known path of 

It was early realized that to find the 
planet among the numerous stars onl) 
the 
utilized could cope with the 


properly 
difficulties 


methods of photography 


LARGE VISUAL TELESCOPI! 
ATO ’S GROUP OF SCOP 
ot the problem It was clear that the 


method of proceedure was to make 


or more photographs of each small 
irea of sky, at intervals of a_ few 
nights These duplicate plates would 
then be carefully compared in such man 
ner as to eause the predicted planet, 


when reeorded on the plates, To reveal 


its presence by its shifting its position 


relative to the multitudes of stars, owing 
the 


the taking of the two plates 


to its during interval be 


moving 


tween 


After having some preliminary test 
exposures made, in 1905, by J. C. Dun 
ean, Dr. Lowell procured from the John 
A. Brashear Company a_ special five 


inch aperture photographic objective 


which, on a mounting assembled from 


available instrumental essentials by ¢ 


() Lampland, gave good results 


l'nder Dr Lowell’s direction about 
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ste © S. | ( < 
1906 me L907 } I r STI 
W ms. ll sum L907 i fis S 
Se] S COV red tT! ! ( ( 
SK\ eentel ad he t) 1) ! 

the mean orbit p planets ae / 
dl iplicate plates being 1 ! ) rill ! 
rhe exposure times of the plates wet ! 
about three hours’ duration in order t f the plates 
have the plates reach sufti ntiv taint Dr Lowe 
stars—below the 16th maenitud .¢., series of plates th the 4 
ten magnitudes fainter than the rt reflector by (¢ () aampland and E. ¢ 
alded eye sees The camera gave ver Slipher, aided | ther members 
sharp star images, but the size of field staff. With this power nstrul 
of sharp definition is small compared the requisite expos 
with those of the improved lenses of was comparative short - 
to-day minutes mds the = 

Dr. Lowell examined these plates, but ficiently faint 17t 
unfortunately he then had no suitable Thus the plates 
means for the purpose and 1 Vas a very rapidly I] l I SI 
very difficult task The examination of ot the field ; 4 tes 
Suc! plates even wit! thie highiv el lars fli 
ficient means to day IS much more time sand t then vel ( na 1 
consuming and difficult than the mak cover even a moderate area 


ing of the plates Their examination, unfortunat: 

The photograph in Fig. 5 shows a a burdensome task. eve! 
portion of one of the plates which often ficient Blink instrument. was 
have more than 100,000 stars on a single ried on bv Dr. L ( himsell, and 
plate. The degree of carefulness of the by C. O. Lampland has publis 
examination will be appreciated when it a eonsiderable list of asteroids and 
is stated that the plates must be ex ables found on these plates b ni 
amined so carefully That the Image ol and E. ¢ Shiphet 


the movine Planet X could only bi These vears of searching vitl 


singled out by its motion relative to feetor. further emphasized the ne¢ 
the thousands of Stationary Stars on thi a wide-field photographie telescop 
plates Col sic rable Li@ht-pe 


Later the Hartmann comparator, i S eal as aininieeaniial s nianne 
dl lt) a | i i 


tended for small spectrum plates, was Dr. Lowell was eager to keep pressing 


enlarged and modified to make 1t serve forward with the s re} DeCALISE 
for the sky plates, and was used by = eneouragine results his 

Lowell with some advantage over the  yestieations had 

hand magnifier methods he first en Fortunately, it was possil 
ploved In his searching of these’ the kind interest of Dr. John A. M 


plates, his hopes were occasionally Later. i 

aroused by the behavior of an excep t e predict Dr 
tional asteroid resembling temporari ' 
that of a much more distant body 


After this considerable pe riod ol the s th edg I 
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FIG THE LARGE LOWELL REFRAC' 
ING TELESCOPE 
FAMOUS FOR STUDIES OF THE PLANETS AND FO 
4 ( tik ORMO | oO 


director of Sproul Observatory, to hav 
of that observatoryv’s 
This in 

aperture by 
I lagstaff 
number of 


the use for a time 
new photographie telescope 
strument of 9 inches 


Brashear was used at from 
1914 to 1916, 
plates made with it, under Dr. Lowell's 
Gill and E 


QO. Lamp 


and a large 


direction, chiefly by - B 
A. Edwards, supervised by C 


land Only a partial examination of 
these plates was made by Lowell Later 
Mr. Lampland = surveyed the plates 
for asteroids and variables and _ listed 


915 asteroids and 700 variable stars 

In the 
war had postponed the day 
had for the 


small 


meantime the advent of the 
when the 
instrument could be 
searching. This 


pointment to Dr. Lowell, coming at a 


new 
was no disap 
time when he felt that theory had done 
all it could do, and the finishing of the 
task was clearly an observational one. 
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realized his Memoir would 
» other 


And aiso he 


The problem I observa 


suggest 
tories then better provided instrumen 


tally than was his, for the search 

But the 
not to ser 
L916, ci 
its founder and able leader, and 


Planet X to be held 


until a 


result of his labors he was 


full 


ath deprived the observatory o 


come to 


fruition, Tor, in 
rurthet! 
search for his had 


in abevance suitable instrument 


might be available. 
In 1925, the 


were 


elass disks for a 13-inel 
offered for sale by the 
Joel Metealt 


disks were for an objee 


objective 
widow of the late 
Though 
tive smaller than had been tentatively 
planned for the search, V. M 
suggested to Mr. Guy Lowell, then trus 


Rev 


these 
Slipher 


tee of the Lowell Observatory, that they 


would make an instrument which would 


serve at least greatly to advance the 


search for the planet, which Dr. Low 
ell’s equations promised was waiting in 


the sky to be picked out from among the 














FIG. 3. THE 42-INCH REFLECTOR 


WHICH HAS GIVEN EXCELLENT RESULTS IN THE 


PHOTOGRAPHY OF STARS, NEBULAE AND PLANETS, 


AND IN RADIOMETRIK WORK ON THE PLANETS. 
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Stars Nbr (ri) | } mn? Cee] . 

deep \ Interested i} t} 13 ] o lass ‘ 7 ol 

disks and the prosp red S eas 

he much-needed imstrun persol } 1) tiy ‘ 

purchased the glass, and went about element ** Asti tv} dl 3 

planning to convert ti rough-ground net} fF 665 ine ir 

disks mtoa finished ens The) just as sua 7 e plat 14 17 ; \ 

he was finding Opportunity t tou the definition 6 

more intimately the selentifie problems { widt eg ‘ h 
the observatory, he was overtaken | square degrees of s 

death, early in 1927 Oo?) eae} nlate Wit ; our’s 
Shortly thereafter = th necessary nosure—the time oxeet “ 

money to complete the instrument and plates or rds fro) bacnend 000 

its mounting was generously provided 0.000, or eve) - " 

bh Dr Pereival Lowe l’s brother Pres] ipon ] ‘ . 

dent A. Lawrence Lowell, of Harvard. photographed is 

The making of the large objective was _ stars 


entrusted to C. A. R. Lundin, who, in On the tube 

due time, turned over to the observator) mounted a sn 

an excellent piece of optical work purposes. This is a va adjunet 
The objective was received in Flag occasionally on the plates of the n 

staff early in 1929, and was soon placed — instrument 

in itS mounting This mounting had ima nd the obser qu cle 

meanwhile been under construction in its nature by 

the observatory shop in the able hands of the cheek can Phis in 

of Mr. Stanley Sykes, the observatory j-inches aperture 

instrument-maker. The performanee of! is kindly ined | Professor W \ 


the lens exceeded our expectations and Cogsha f Wa Observatory, | 


we have been led to reeard it as possib ’ diana Universit \ S-ineh Ross 
the best searel mmstrument in the world obweetiy is 1 stl 1 
4 7 P ‘ 
0o-cla Ke ne p " 

This instrument and its dome ar As soon as tf 
fully equipped with electric conven! in its mountir 

, 

ences, and 1f IS much the Most satistac ments ana tests 


tory TO operate ol any ol The obs rva rushed t ) i . \) 


9 . , 
toryv s telescopes If nas a seven-inel prompt wv ty 


aperture eulide telescope. provided with the Planet X si 2 2} 


a very sturdy diagonal prismatic ey et plates that s Dr. | 

piece which makes for efficiency and predicted favorab n Cen 

comfort in observing Then dropping ray 1 I ! 
The electric switches for operating sk While th 

the dome and the slow motion of tl adjustments and tests | TT 

driving clock are conveniently place strument. he in I 

for the observer at the guiding eyepiece who | 

The settine e¢ireles ar arge. and at tor mn the operat r f } 

ranged to make the accurate pointing of ment, and also in tl { S 

the instrument easy and quick The tography, until 

driving clock is large and of exeellent all the operations , 


performance, and, as the worm wheel is Our previous expe! eins 
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FIG. 4 THE NEW 13-INCH 


FAMOUS FOR HAVING 


impressed upon us the vital need with 
this 
plate into exact focus in the telescope. 


new instrument of bringing each 
To accomplish this we designed a econ- 
the ob- 


server to bring the sensitive surface of 


venient testing table, enabling 


every plate quickly into precisely the 
proper foeal position, thus eliminating 
the all too frequent 
ture faults of such large plates (14x 17 


disastrous ecurva- 


inches We designed also special plate 
holders supplied with special bearings 
for the plates over which thumb screws 
spring the plates into closest possible 
adjustment to the foeal surface of the 
the focal 
qualities of all plates will be the same 

a matter of the highest importance in 
the careful comparison of the plates. 


large lens. This insures that 


PHOTOGRAPHIC 


BROUGHT 
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TELESCOPE 


ro LIGHT THE NEW PLANET. 


It also was necessary to make tests of 
different photographie plates in order to 
the 
for this special work. 


take advantage of most suitable 


available brand 
For ease and accuracy in the examina- 
tion, it is vital that the plates be exactly 
matched in the character of their photo 
graphic images, a result secured only by 
following a perfectly systematized pro 
cedure of photography as well as very 
instrumental adjustments. 

March, 1929, the search for 
the trans-Neptunian planet could at last 


precise 


Thus, in 


be resumed, and with a conveniently 
operated and highly efficient instru 
ment, well equipped with auxiliary 
apparatus, and with better perfected 
means and methods than were ever 
available before. The prospects were 
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promising, for it seemed such an obj 
could not now long escape being dé 
tected 

Care was exercised in the « ’ 


ffectively the dle 
Mr 


follow out the 


vulide stars to cover « 


sired region of when 


baugh began carefully to 
searenh 


svstematized program 


work went on for nearly a year, wit! 


nothing more than the expected Thine’s 
coming up—numerous asteroids and 
variable stars—at least nothing very 


exciting 
Then, 


comparing by 


on February 18, 1930, when 


the method two 
Delta 


January 


Blink 


plates of the region about Gemi 


norum made January 23 
29, 1930, he came upon an object that 
had shifted the 


the two dates, by an amount that on the 


and 
between 


stars, 


among 


face of it indicated the body was very 
distant, and perhaps the object long 
sought for. Fortunately, a third plate 
of the region was available, and it, too, 


showed the object. The reality of thes 
images on the three plates could not be 
questioned as being the record of a dis 
tant, slow-moving, bods 
But of they them 


selves sufficient to decide its nature, and 


solar system 


course were not In 


it was necessary to go about securing 
additional observations and information 
from every possible view-point in order 
to decide the important matter 

The first the 
next plate show it in its expected place 


the 


question was, would 


among the stars as estimated from 
did, and 
In short, 


January positions. It so did 
the next and the next plates. 
the object 


Our early 


continued to meet expecta 
that it 


would speed up, and turn out to be only 


tions. fears were 


an exceptional asteroidal or cometary 
body. 


As soon as possible, we pointed the 


large refractor upon it with one ques 
tion uppermost in our minds—will it 
show a disk? It did not; that was dis 
appointing. But we continued to seru 
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Tl ‘ it cal ] } 
compare t wit bh S . 
liv ( Ss ( ! x 
S light and to s ! \ 
illy tavorable visib it 1 . 
some indication i S Ly 
most careful serutnu t si il ‘ 
Or any cometary s Mii 
and then photographed \ 
reflector to see what such plates n 
show, and, in particular 0 e 
patl and to get accurate POSITIONS 
finding its orbit The observations 


tinued to find it night after night 
expected place 


Neither the ey 


Visual telescope nor tT! tl \ ! 
photograp!| i¢ §=6©reflecetor indicated } 
] + + + > ; 
slightest variation in S light | 

seen To be brighter Visua compat i 
with some ot the near stars ol! abe iT ts 
brightness, than it Vas on the phot 
graphs, indicating that it was not b 





FIG SMALL SECTION OF A PLA 
OF CYGNUS REGION OF SKY 
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FIG. 6. A SECTION OF ONE OF THE 
DISCOVERY PLATES 
THAT OF JANUARY 23, 1930 THE ARROWS 


NEAR THE CENTER ARE POINTING TO THE LITTLI 


IMAGE OF PLUTO. 


The object is faint for the 
spectrograph and Mr. Lampland kindly) 


but yellow 


made with the reflector a special pair of 
light, the 


other with yellow light; and also a simi 


plates of it, one with blue 
lar pair of the planet Neptune and its 
nearby stars. These plates agreed with 
what the eve had seen in the telescope, 
and indicated the stranger was yellow 
ish, not bluish like Neptune. This color 
result implied an albedo (surface reflec 
like those of the inner planets 

This 
was a bit surprising since its neighbors, 
Neptune and Uranus, are both of bluish 
color, of high albedo and of low density. 


Dr. Lowell’s estimate of the magnitude 


tivity 
and also probably a high density. 


was too high, doubtless in part because 
he naturally was influenced by the very 
high albedos of Uranus and Neptune. 
Meanwhile, it was possible for us to 
follow it every night and to lay out its 
expected path empirically, and we were 
succeeding night to 


encouraged each 
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find the object just where we estimated 
it would be. It was keeping a steady 
COUTS* It was possible after a while t 
predict within a day or two nen 

would reach the end of its westward 
swing (its statlonary point) in the sky, 


and would start movine eastward, r 


versing its drift amone the stars Its 
apparent motion was, of course, largely 
due to our own shitting view-point 
caused by the Earth’s daily swinging 
through about one degree of its orbit 
around the sun The photograph in 


Fig. shows its apparent path among 
the stars as charted by Dr. Lampland 
plates and those he 


from the search 


made at the refleetor 
The 


from day to day afforded a measure o 


lr its arilt 


observed amount 0 ] 


; 


its distance from us. Thus, after a few 
that its 
definitely much greater than Neptune’s 
40 and 43 


from the 


weeks, it showed distance was 


and between times the dis 
tanee the 


drift rate was the distinguishing test for 


earth is sun. Its 


distance, and from the discovery plates 








MR. C. W. 





FIG. 7. TOMBAUGH 


THE CAREFUL-WORKING AND KEEN-EYED YOUNG 


MAN WHO WAS FIRST TO FIND THE RECORD OF 


PLUTO ON THE PHOTOGRAPHIC PLATES. 
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APPARENT PAT 


OF PLA) AMO A} FRI ARY lI! 

GRAPH MARCH 4, 1930 I POSITION i FIRST FO 

PHOTOGRAPHS BY C. O. LAMPLAND } ‘ " s ( 
APPROX 

on continued to show the object was anniversary 


trans-Neptunian 

Finally, on the night of March 12, a 
Mr. Put 
to be fi 


message was telegraphed to 
nam, the observatory trustee, 
to Harvard 


warded Observatory for 


distribution, the next day to observa 
tories and astronomers, which read as 
follows 

Svstematic search begut ‘ £ supp 
menting Lowell’s nvestig ns f Trans 
Neptunian Planet has re ed object whicl 
since seven weeks has in rate of motion and 


path 
nian body 
Fifteenth 


consistently conformed to Trans-Neptu 
he 


March 


at approximate distance assigned. 


magnitude. Position twelve 


davs three hours GMT was seven seconds of 
time west from Delta Geminorum, agreeing 


with Lowell’s predicted longitude 
the finding of 


Lowell’s planet Was delayed a few days 
in order that be the 


The announcement of 


it might made on 


Was also ma 


at the 


Arizona 


de public 
Ts acti 


f his birt 


! Mareh 13 
on that morning 
rs College in the 


presentation of a scholarship prize give) 


each vear in Dr. Percival 


ory by his 
Lowell 

It 
that Mareh 
Sir William 


planet Uram 


iS a Col 


In passing, 


the tremende 
] 


emand from the publie press for 


Lowell’s met 


a nite 
mation We did not feel at that tin 
that we had much ready to give out 
and were, besides. TOO much occupied 


following the urgent phases of the 


to do 
ments 


The 


vrams and letters received at 


more th: 


in give 


number of 


a few brief con 


te 


eoTrams, eabl 


the 


obse 


widow, Mrs. Constat > 
neidence worthy of remar 
13 is also the anniversary 
Herschel’s discovery of th 
Is 

we can only re mark upol 
us, Instant, and persistent 


W { rh 








ORBIT PREDICTED BY LOWELL 


Co fesy Scient lmerica 
FIG. 9 rHE ACTUAL AND THE PRE 
DICTED ORBITS OF PLUTO 
I} EAL POSITIONS OF TH PLANI A 
VAI FROM 1781 TO 1989, AND THE POSITIONS 
RESULTING FROM LOWELL’S CALCULATIONS 
vatory, as well as the large amount of 
space given the finding of the new 
planet by the newspapers and maga 


zines, is clear proof of the wide-spread 
interest in astronomy to-day 

We felt it highly desirable to deter 
mine as soon as possible a preliminary 
orbit 
realized 


for the object, although we fully 


such orbit would be very im 


perfect in most respects because all the 


observations then available covered only 


short section about 
the 
It seemed that a start 


of the 


an exceedingly 
1/1500 of 
around the sun. 
be 


elements 


part planet’s swing 


should made, even if some 


orbital its shape and size 
could not really be determined, because 
even an approximate orbit would help 
show its approximate path for a time in 
the past and hence assist in indicating 
to the old 
For this work, we fortunately 


Dr. J. A 


where look for planet on 


plates.” 
had the collaboration of 


2 It later found on our 


tenth 


was 1929 plates, the 


plate with the new instrument having 


recorded it. 
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ler. director of the Sproul Observa or 


whose experience in orbit work was very 


valuable in 


bit derived served its purpose, 


its eccentricity an 
much 


be 


In error, 


A circular was then issued, e 


preliminary orbit 


the 


Stating as a 


sults ol 


It 
planet be named 
PL Many 


chose 


was also then 


S\ mbol 


why we 


the 


this difficult 


d 


as We 


and 
observational 


conelusion 


suggested 


Pluto, 


considered carefully I 


vestions offered by 


] 
| 

pp ( 
I 


? 


\linerva 


The o1 


although 


case 


were very 


period 


feared thev would 


some further ré 
WOrkK, aha 


that this object 


ted that the 


and carry th 
people have asked 
name Pluto We 
he numerous sug 
nv serious minded 


lhla 


received a plural 


rr : 
og ie 6 
—~ = 4 
FIG. 1 THE ORBITS OF THE NIN! 
PLANETS TO SCALE AS THEY REVOLV!I 
ABOUT THE SUN 
I POSITIONS ) I S N 
P O FOR ARIOUS S 
\ ) ry oO or PI oO ( 
IN¢ ) f) 4 OF NEI 4 
S O ORBITS DO oO! s ) 
BY CC, O. LAMPLAND 
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neal half the letters suggesti this propriate 1 
hame We. to would have a ter 1 1s 

if I iT nad not ry ! pt mip? < hy? 
since D one of the rie! ste! cis evmbhols 


cally, there were very good reasons for ’ e letters PT, 
bot! But Pluto is much better ki mol ral 

and his two brothers. Ju 
tune, are a ready in the heavens Whe luto te ming f + 4 ‘ 
these three brothers drew lots for the were Perciv; 1, 

partition of the world, Pluio chose the wee] 

outer regions What then could be mo A fey strono) :; 
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question the na Wl t ibject he S t I 
eause of the |] or} ( ntry or oul : . " 
first orbit, but this was only temporary aaa aie 2 7 
Not lone afterwards better orbits wert He (Li 9 My (¢ 
possible heea INK Thev ¢ (| bye based on | 9 Pe 
much more favorably i a bse rvations P Sag re 5 ‘ 
, . > P w S ‘ 
and several sucl roits were soon Torth ; = 
I 87 
Come I S left | 1 ci ib s to the | “ 
iT wt ot he ‘) Pct 
natu I th bj CT =<" d this 14 
It will now be of interest to see how ‘ 
the recent orbits, determined from the 
more extended path of the planet and It : s 
quite reliable, check with what Dr. Low . 
ell had predicted Dr. A. ¢ DD. Crom . Ss m g 
melin, of England, whose life work has 3 
been largely in the orbit field, wrote on In an article entitled More About 


20: 


May 





Henry Norris Russell, 


in 
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In brief, Pluto’s credentials sa ! S 
hit mibe rot the Suns tan ) Ss | 
, 
are of hig Standing and have b 
; , , 
fully approved, and he stands the nintl s N 
4 > 
In discovery and in order of dist Cal 
from the Sun restitut U 
. , 1) ) ~ Tt} ~ ~ 
It was early realized that the faint 
{ > . } iT xT ? ) 
ness of Pluto would, in itself, make th - 
' R 
detection of a disk much more diffieu 
\ 
than if it were brighter Tests of > 
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speciall designed target Ol Various t { | 
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FIG. 1 
SHOWING iH SIZE AND DISTANCI 
GIANT PLANETS AND THEIR 
Beeause of its 
that the 
about 


recelve 
the 


receives 


sunlight they 


ereat distance, sunlight 


planet has only 
1/1700 the intensity of that which the 
Henee this 
planet is so little warmed by the Sun 
that it 


perature 


new 


earth enjoys very remote 
tem 
Sun 


no doubt, a low 


mn 
lo 


show 


has, very 
Pluto 


disk but only a 


one on our 


would not any 


bright star point, to the unaided eye. 
Owing to the considerable eccentricity 

of his orbit the light and heat Pluto re- 

ceives from the sun will differ greatly 


depending on where he is in his orbit. 
This means that his brightness also will 

He 
because 
He 


year 


how 
he 
con- 
1989. 


for us. is 


vary considerably 


growing slowly brighter is 


us will 


nearing the sun and 
to brighten until the 


begin to grow 


tinue 
after which time he 
fainter for the following 
ing which time he will be 


will 
125 vears dur- 
receding from 


the sun as he swings out into the most 


distant portion of his great orbit. 


RESEMBLANCI 


DIAGRAM 


FAMILIES OF SATELLITES 
At present, we know nothing of the 
length of Pluto’s day, and our only 


hope of learning anything of his diur- 
nal rotation is by his showing a measur 
able periodie variation in light—a not 
too Pluto’s 


was noted a bit ago. is about 250 of our 


remote prospect. year, as 


fairly accurately 


years, and iS already 1! 
determined. Hence he goes slowly 
around the Sun, trailing at a greater 
distance his more speedy brothers. It 
is interesting to note that his vear is 
almost exactly 3 times as long as that 
of Uranus and quite closely 15 times 
that of Neptune. 

It will now be of interest to consider 
for a moment the arrangement of the 
members of our solar system 

Fig. 13 is from Dr. Lowell’s book, 
‘“*The Evolution of Worlds.’’ It is in 
teresting here beeause the addition of 
the new ninth planet to the solar system 
makes still more striking the resem 


blance between the Sun with his family 
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of planets, and that of Jupiter and his = y, 
family of satellites (seen in the two 
upper curves In drawing attention 


to this matter Lowell  coneludes 
**Method here is unmistakable.”’ ; 


sued ris I ~ i MIS ? ? 
ry } > , . + 
The high inclination of Pluto’s orbit, —jygjehy ad om of se ’ 
too, fits in with this scheme as the n : : — 
clination of some of the outer satellites |. *. 
of these families is extreme PE ; 
rr . " i! . ! l ‘ I il 
Thus the finding of Pluto is impres , 
' espe i] } ) i } 
sive, not merely because it adds another 
a L1Vée te st I t 
planet, and greatly expands the know) 
. ( Mm Ton } ~ ~ ~ at 
domain of the Sun, but also because it 
erowned ) thre 2 
hints that, out in this new extension of 
' 4 ; Neptunian planet his is sa 
the Sun s domain, plane tary atlairs may 
4 , Time n sma re t ! 
differ markedly from what we mig! 
} Ol ersevertll ( . 
have supposed, influenced by our ae }) = 
quaintance with the previously know! 7 odin 
planets BUCCESSE Us CUM) ' 
The fruitful issue of his irageous Program IMspires : 


exp! ratio) if the solar svstem bevond earlier leadership 








THE NATURE OF METALS IN RELATION TO 
THEIR PROPERTIES 


E. SCHUMACHER 


By EARLE 
INTRODUCTI 

| methods of XT! ting metals 
from their ores and bricath them 
constituted the art of metallurgy in ft! 
older sense in art whose development 
} S ( sely paralleled t ris of elviliza 
tio The modern science of metallurg 
n the other hand, concerns itself to a 
arge extent with the explanation as t 
why metals behave as they do and In par 
ticular why the methods mploy d in the 
art produce the effects thev do This 
science, as distinct from the art, is oft 
comparatively recent origin. It is, In 
deed, only since the development of the 


tools used in modern research, notably 
and x-ray, that important 
ward the 


Rapid progress 


the microscope 


Steps have been mad analy 
sis of metallie structure 
the 
and to day there is available a v: 
of information in to the 
of metals in relation to their properties 

Two of the most important properties 


of a metal are its hardness and strength 


last twenty Vears 


st 


has been made in 


fund 


regard rature 


These properties are closely related and 
in general the magnitude of one indicates 
the magnitude of the other The devel 
opment of the relationship between the 
nature of a metal and the hardness and 


streneth constitutes one of the most in 
teresting chapters in the science of mod 
ern metallurgy. 
Tne NATURE OF METALS AND THI 
MEANING OF HARDNESS 
Metals. in general, are solids at room 


temperature Most solids are composed 
of a number of irregularly shaped crys 
tals pressing closely against each other. 
This is schematically represented in Fig 
cross-section through 

X-ray studies have 


1, which shows a 


such an aggregate 


S n that the erystal itsé S sed 
of minute building blocks ! itoms 
\ ‘h are arranged in a regular eo 
I pattern called the spac 

Che dimensions and shape of this 

ire different for the different 1 s 
\Mlost Common metals. how ! 

AY entered eubie§ latt 

| ' ~ Ss! \\) 1? | 1v a ' | ~ 

itoms i hie { dl r 

ertall plat S which e@X!1 ! ( 
each individual crystal sets 
these planes are illustrated in | s. ZI 
ind e In 2b the planes are shi 
parall t a cube face: in Ve the plar 
ire drawn through the cube edges 
is fairly obvious that sliding m 

place easily between these planes, sit 
there are no atoms to interfere with tl 
relative motion of the two. sections 
Actually, sliding or slip, as it is genera 


oo» 


termed, readily along one 
pli than another due to the difference 
In spacing between planes and the eco 
of the 


more 


occurs 
ine 
centration atoms on adjacent 
planes. 

this brief description of th 
of the lattice it 
the strength of a singl 
the 


encoun 


Krom 


nature IS apparent that 


the 
ervstal 


hardness or 


of 
resistance to an applied force 


metal depends upon 


a 


tered when the various planes of atoms 


over one another. This sli 


slide 


the atomic planes constitutes the mecha 


nism involved in permanent or plastic 
deformation. Sections of the crystal 
slide over one another but each section 
moves intact. This is illustrated in Fig 


4 which shows the slip bands developed 
on a polished surface of lead by plastic 
deformation. The projection of the see 
pol 


tions which have slipped above the 


isl ed surface of the specimen has riven 
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mn each crvsta ra | ! 
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istrated Oy 4 
itic representat ? } 
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hit principle proper! 
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aetormation Si cit rl 
result rt the sliding I 

l slip planes i! ite 
metal aggregate wl I ! 
slip will cause an increas 
Some metallurgical proces 
duce useful hardness i 
! S are l 1 ne l 

rl had solution Z 

} neat treatment 

rie il] VihYg I ll 
sé Ss ition resulftS In 
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Fit PHOTOMICROGRAPH OF STRAINED LEAD 

SHOWING P BANDS AND TWINS ORM A MAGNIFICATION 150 
kind of atom. The figure in the upper plex. Worked metals show a general! 
right shows the local distortion caused breaking up of large crystals into small 
by a single foreign atom in solid solu fragments. There is also considerable 
tion. elongation of the individual crystals in 
Cold work, where hardness is caused the direction of working. X-ray studies 
by bending, rolling, hammering, draw reveal that the planes of atoms undergo 
ing, or otherwise deforming the metal a change of orientation during working 


when cold, is one of the most important 
methods of hardening and strengthening 
metals. Some familiar materials which 
are hardened in this way are hard-drawn 
copper, spring brass and bronze, and 
cold-rolled of 
hardening by cold work seems very com 


steel. The mechanism 


and that the lattice is severely strained 
This indicates that the hardening due to 
cold work may be caused by at least two 
factors; lattice distortion, such as occurs 


in solid solution hardening, and dis 


registry of slip planes from fragment to 
fragment. 
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by Dr. Alfr 


In 1921, 


1ne 


AGeE HARDENING O 


\or } 


; 
} 


action 


“cl 


aluminum alloys 


rH 


nine VAS CISCO\ 


an explanation of 


FIG. 7 


SCLENTIE TL 


ered in 


the harden 


1919, however, that Dr. P. D. Merica an 
s associates discovered the fundame 
t condition necessary tor this type 
hardening oceur, which is that the 
must be present a constituent in the 
v owhi solubility in the solid state 
decreases with decreasing temperature 
When the alloy IS held at a hic} Tem 
perature, this constituent dissolves 
Upon cooling quickly, the constituet 
remains dissolved, but the solid solution 
Is. Supersaturated The al OV Is how 
milv oa little harder than the origina 
solvent During subsequent aging at ; 
wer temperature, the supersaturated 
solution breaks down, the excess solute 
precipitates in small particles evenly 
distributed, and the alloy hardens 


Was proposed by ar {fries and 


191] 


Wilm while experimenting 
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THE NATURE 


tation of the solute introduces strain In 
the lattice and Su) distorts The atom 
planes, thus retarding slip. This mecha- 
nism is shown schematically in Fig. 6 
It is evident that this theory does not 
differ from the solid solution theory of 
hardening except that the distorting 
effects may be greater and consequently 
higher hardness values may be obtained 
According to these theories it seems en 
tirely justifiable TO sas that the mecha 
nism of age-hardening depends upon slip 
interference and it is quite probable that 
both mechanical keying and distortion 
keving contribute toward the hardening 
attained Under certain conditions and 
in certain systems mechanical obstruc 
tion may predominate; under ether con 
ditions and in other systems distortion 
keving may be the important factor 
lor instance, in the early stages of pre 
cipitation before agglomeration has had 


+ 
it 


is prob 


time to progress appreciably, 
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rlG. Ss MACROGRAP ( PU LEAD 
SHEATIL WHICH \! » IN SERVIE 
DUE TO INTERCRYSTALINI! fACTURES 


able that distortion hardening predon 
hates, In the later stages, after tl 
precipitated particles have agglomerated 
mechanical obstruction is probably 
major factor in producing hardness, A 
schematic representation of a precipi 
tated phase that Is causing practically 
no distortion of the solvent lattice is 


viven in the bottom diagram of Fig. 4 


systems which have been reported 

date, the alloys « f lead and ecalelum ar 
interesting because of the exceedingly 
minute quantity ot ecalelum  whiel 


suffices to produce the age-hardening 





phenomenon. Fig. 7a represents graphi 


cally the proportions of calelum in a 
lead — .04 per cent. calcium alloy. Fig 
7b shows the tensile strengths of pure 
lead, solid-solution lead — .04 per cent 


lead 
Irom this 
solid-solution 


calcium alloy, and age-hardened 
04 per cent. calcium alloy 

figure, it that 

lead 04 


slightly stronger than pure lead, whereas 


evident 


IS 


per cent. calcium is only 
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vibrations, it is expected that the high 


fatigue endurance of lead-caleium 


prove TO be valuable. 


The 


countrys 


aerial telephone cables in tl 


compose a very stly 


network 


of wires protected by many thousands ot 


ST ress 


he 
Phe 


miles of lead alloy sheath 
TO 
include 


and vibrations which t sheatl 


Si 


are exposed not those 


brought 


] 
OnL\ 


about during installation, 


but 


the age-hardened alloy has a_ tensile also, and probably more importa Tt, Those 
strength nearly four times that of pure occurring later due to expansion and 
lead According to theory, finely dis contraction caused by daily and s 
persed particles of a lead-calcium com sonal temperature changes, and vibt 
pound, Pb,Ca, precipitate from the solid tions caused by wind and by the n 
solution lead — .04 per cent. calcium alloy ment of heavy vehicles and trains. ©1 
when the latter is aged at room tempera account of the bends whiel Occul 
ture, and the great increase in tensile cables it the points ol support n 
streneth is brought about by these par the poles, thus localizing the strains 
ticles keving and/or distorting slip Sheath failure is most lk - OcCcul 
planes it these points Since the nsulation 
In Fie. Te is shown the great Increase I he wires In these cabies LISISTS 
In fatigue resistance ability to with of coverings of dry pape S 
stand repeated cycles of stress without dently important to avoid even si) 
fracture) of the age-hardened lead-cal openings in the sheath \ night 
cium alloy over that of pure lead. For admit moisture Pure lead as a s 
some kinds of use, such for example as ing material for aerial telephone 
in the sheath of aerial telephone cable, IS unsatisfactory, as its s 
which is exposed to repeat d stresses and probably because « tis Pr \ 
HEATED AT 290°C- FOR 15 MINUTES. ALL CAL M IS DIS 
2000 . BY THIS TREATMENT AND THE ALLOY IS A 5S LUTION 
SPECIMEN (A) AGED AT 20°C. FOR 24 HOUR: TH 
_ TREATMENT CAUSES SOME CAL M TO PRECIPITAT 
= ~ FROM SOLID SOLUTION. THE INCREASE IN TENS 
STRENGTH IS EVIDENCE OF THIS PRECIPITATION 
SPECIMEN (B) AGED AT 100°C. FOR 24 H 
THIS TREATMENT PRODUCES MAXIMUM TR 
ENGTHENING OF THE ALLOY PRESUMABLY 
—— “ THIS TREATMENT IS CONDUCIVE TO THE 
FORMATION IN THE ALLOY OF THE GREATEST 
NUMBER OF CRITICAL SIZED PARTICLES 
SPECIMEN (C) HEATED AT 220°C. FOR 12 HOURS. THE PRE 
. PITATED PARTICLES ARE AGGLOMERATED BY THIS TREAT 
2900 ~ MENT WHICH RESULTS IN A DECREASE IN TENSILE STRENGTH 
)F THE ALLOY 
SPECIMEN (D) HEATED AT 290°C. FOR 15 MINUTES. ALL PRE 
E CIPITATED COMPOUND IS DISSOLVED BY THIS TREATMENT 
2000 A XY HAS PROPERTIES IDENTICAL WITH THOSE OF SPECIMEN A 
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failed in service is interesting as a} us these materials 1 ! : 
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tration A network ¢ eracks can be equal celle hn, bov nu 
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service | le \“ if] not Show so creat 


contrast 


THe Leap Catcium EQuILiprium 
DIAGRAM 

In addition to their practical useful 
ness, the lead-calcium alloys furnish an 
excellent subject for illustratine the 
relationship between age-hardening phe 
nomena and phase change in an alloy 
Kig. 9 is a constitutional diagram which 
shows the temperature at which alloys 
In the composition range covered un 
dergo phase changes. In this diagram 
the weight percentage of calcium = is 
plotted against the temperature. The 
total area of the diagram is divided by 
curved lines into several areas each of 
which represents a metallurgically dis 
tinct phase. The curved boundary lines 
are of course experimentally determined 
by various means which we need not dis 
cuss here. Each of these bounded areas 
represents the range of temperature and 
composition throughout which the num 
ber of components remains constant 
kor example in the entire area to the 
right of and below the line BC, the 
material is found to be a solid solution 
of caletum in lead in which are inter 
spersed distinct particles of a different 
substance, namely the compound Pb.Ca 


The nature of the components whic 


} 


characterize each of the other areas is 
similarly indicated on the diagram 

It can be seen that a lead O4 per 
cent. calelum alloy is a homogeneous 
solid solution in the temperature range 


from 265° to 327° ( Below 265° CC 
the compound Pb.Ca begins to precip! 
tate. The hardening produced is depen 
dent on the amount, distribution and 
particle size of the precipitate. It has 
long been recognized that maximum 
hardening is produced by a definite set 
of aging conditions which presumably 
produces the greatest number of critical 
sized particles Kig. 10 shows how the 
tensile strength of a lead O4 per cent. 


calcium alloy can be varied at will by 


neat treatment The strueture 

alloy when subjected to each of the 
ments described in Fig. 10 is reveal 
the correspondingly lettered photon 


vraphs of Fig. 11 


STRUCTURAL ELEMENTS 
In this paper a brief account has 


in the effort to account for the harde 
and strengthening of metals It 
could give an explanation of these ] 
esses more adequately we could per 
devise new ways of treating metals w 


would give even better physical pro 


T1es Kor this reason, and to fulfil 


more disinterested aims of pure scr 


such a more adequate explanation 


greatly to be desired and it is, in n 
places, being soucht 

Krom the discussion given her 
perhaps hard to see why such a 
planation is so difficult to find 


Important reason is that metals 


in general of cry stalline agerevates. 


individual crystals being, usually 
ented largely at random Hence 
considerations advanced above, as t 
character of the structure and phy 
properties of the individual crystal, 1 


l 





viven of some of the theories propost 


per 


thre 


The 


nust 


be apphed to the more comple X SVSTECI 
of crystal aggregates before the ful 
story of the metal’s behavior can be told 
kor instance, in this larger analysis, a 
count must be taken of the nature of tl 
resistance to deformation at the cryst 
boundaries, which under some cond 
tions, at least, have considerable eff 

on the behavior of the metal as a whol 
Another reason 1s that the atoms, whiecl 


we have regarded as the ultimate ¢o 


ponents of metals, are themselves | 


complex structures, possessing ma 


properties not clearly defined or wm 
stood. Until we know more about 
properties of the structural elem: 


the atoms, it is evident that we ean 


understand as completely as we wish, 


behavior of metals. 


nts 


not 


+ 
TT 
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By Dr. A. H. SABIN 
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lead sulphate; but a considerable and 


uncertain part is this annexed lead-and 


oxygen unknown compound, which ap 


parently is about as much like litharge 


as a companionate marriage is like the 
more definite conjugal union. The ana 
lytical chemist. like t! e eensus taker. 


politely calls it litharge, although he 


knows it isn’t The more serupulous 
theoretical chemist calls it the basie lead 
ingredient, which is true though not very 
definite 


litharge It) the 


The proportion of this pseudo 
lead sulphate”’ 
to half of 
but the operator tries to keep 
about 1d 


** basic 


may vary from about a sixth 


the whole, 
it rather low, preferably per 
cent 

We are 
furnace part of the operation ; 


be cooled 
eurrent of 


vetting through the 


now Just 
obviously 
this substance must and 
settled out of the 
nace-gases and partly burned air before 


In the first 


new 
creat fur 
we can do anything with it 
place, this great current of hot gas, some 
that 
the nitrogen 


burned, 
the 


of which is air was not 


much of it which was 
greater part of the burned air, and much 
of it the burned sulphurous gases, all 
moving rapidly and earrying a cloud of 
dust which is the solid matter from burn 
the lead, 
crooked pipe to let it cool from the cool 
When it 


has cooled enough so that it will not set 


Ing through a long 


passes 
ing effect of the outside world 


fire to cloth, it is foreed by blowers into 
1 


the lower part, what we might call the 


basement, of a large and high building. 
In the floor of the main room are holes 
every few feet apart each way, through 
which are short metal tubes or thimbles, 
to which are tied the bottom of long cloth 
thirty feet the 


which are 


tubes, long, 
upper tied 
suspended from an upper floor, so that 


perhaps 


ends of are and 


any powder they may contain may, if 
they are shaken, fall into the basement. 
These tubes are perhaps a foot and a 
half in diameter, they tied 


strings around them near the bottom to 


are with 
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the tubes which come up thy tu 
floor so that they are baes upside d ! 
and this whole outfit is a bag I IS¢ 1} 


vou look into the great main room 


see nothing but these great rows of baes 


near but not touching each other TI 
cooled gases and floatine dust which at 
blown into the basement. comine fro 


the Turnace, enter into all these bae’s an 


the gas filters out between the threads 
of the cloth and is discharged int 

outside air, but the dust, which is the 
basic lead sulphate, Stays inside the bags 
This is called bag-filtering At suitabl 
intervals the bags are shaken, either b 

a mechanical beater or by air pulsat ! 
produced by reversals of the blowers 


; 


and the white-lead sulphate falls throug! 

into the basement, where it accumula 

until it is barreled and 
As it 

as a fume, floating in the swil 


he clear that I 


in containers 


taken away. was carried off from 


l 


the fire 
will 


current of gas, it 


must be a very fine powder, suitabl 


be used as a pigment. One of the com 
panies that makes this calls it sublimed 


white-lead and has copyrighted this 
name, but the real white-lead has beet 
made for hundreds of years by a ve ry 


different process and is a basic carbonate 
instead of a sulphate, and in many coun 
tries it is unlawful to eall this sulphate 
by the name of white-lead. Other peopl 
eall it basie lead sulphate, which is an 
accurate name, not calculated to deceive 
one. It 
considerable durability as a paint mate 


any is a valuable pigment, has 


rial, mixes well with oil and with other 
pigments, and in paint works well in 
brushing or spraying. It does not ap 
COTRMNON 


pear to be used alone. but is a 


ingredient in mixed or ready-prepared 
paints as it is highly opaque, Is cheaper 


+ 


than the real white-lead, for which it is 


substituted; if not as durable as that it 
has permanence enough for many uses, 
since many people do not expect any 
paint to last more than two or thre 
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years. For interior work its perma- pigment it is sold for ] stru 
nence is ample. steel, and as the total amount necessar 


It will be observed that in making the produced is far more than has ever 


sulphate no attempt is made to obtain sold, some high-pressure salesmat 
any metallic lead from the ore. Separat has been used in trying to s 

ing a metal, as iron or lead, in a pure’ unsold excess, which is most 
metallic state, from the ore by any fire- accumulated, some greasy rags 
treatment in a furnace is called smelting into the heap and set on fire. It is 
and for different minerals there are bulky and contains much air, and t 
varieties of such furnaces. For very is enough combustible matter, pr 


pure lead ores a simple one, of rather lead sulphide, in it to keep t 


small dimensions, easily operated, is smouldering. It is finally reduce 
used. The ore, galena, is mixed with greatly in volume and is of a brownis! 
fuel and put into the furnace, which is color, due, no doubt, to oxides. T 


known as a Scotch-hearth, and air is _ which is still a mass which may be sl! 
blown in at the bottom. The heat of the’ eled, is put into the basic-lead-sulphat 
burning mass decomposes the ore, the furnace first described and finally com 
metallic lead runs out at the bottom and out as part of its product. It can, 
the sulphurous gas, with the carbonic more convenient, be mixed in with the 


acid gas which comes from burning the charges of the Secotch-hearth furnace 
coal, escapes at the open top and is car- from which it came and part of the | 
ried off through a hood which may be a recovered in this W i) some r il he r 


vent for a row of these furnaces. Inthe manufacturers, who use such things in 
furnace first spoken of, where the object making rubber goods, buy considerable 
is to make lead sulphate, the construc- amounts of blue lead, and one larg: 
tion and arrangement of the draft and manufacturer sells a great deal to the 


combustion space is quite different, be- rubber trade, making no serious effort t 
cause here the desired product is uncom-_ sell it as a pigment. 
bined metal. But even in the Seotch- It has some good pigment qualities. It 


hearth part of the metal burns into is almost immeasurably fine, which is a 
sulphate, and this goes off up the chim- rare and excellent thing, it mixes per 
ney and with it goes a little more of the fectly with oil, and the paint genera 
lead as sulphide and a smaller portion but not always) has good keeping qua 
as sulphite, and these, with a little coal ties. It is very opaque, and will cover as 
ashes and a very little soot, are carried much surface as any good paint, its color 
off in the current of escaping carbonic is not objectionable in many places—i 
and sulphurous gas and unburned air. deed is liked—and its durability, under 
Now, there is enough lead in this floating favorable use, is perhaps one half to 
dust to make it worth saving, so the gases two thirds as much as the average of red 
are led, exactly as in the other plant, lead paint, which may be considered the 
through a cooling system and into a bag-_ standard of all structural-metal paints 
house and filtered, and the dust thus col- It requires more oil to make a service 
lected is blue basic lead sulphate,or blue able paint than red-lead and while this 
lead, or sublimed blue lead. It is of a_ lessens its durability it makes it cheaper 
dull grayish blue color, which appears’ by the gallon. The dry pigment is s 
to be due chiefly to the blue lead- rather more cheaply than dry red-lead, 
sulphide in it, not an unpleasant color and, other things being equal, .cheapn 
for some purposes, but too dark to be is a good thing. But the labor cost 


of value in making house-paints. As a any painting job is generally at least 





twice as much as that 


one paint is better, let us say only a half 


better, than another, it is more 


cal to buy, even if 


the purchasing agent 
in the end he will. 


Blue lead, as well as the 


may not think so; 


lead sulphate first described, usually con- 
oxide, because the lead 


tains some zine 


ore contains particles of zine ore, though 


usually an effort is made to keep this 
low by selection at the mine or elsewhere. 
Some lead ores are 


The 


nearly free from zinc. 
blue lead used as a pigment may 


contain as low as only half a per cent. 
of zine oxide, but may be ten times as 
much, and it has been made from ores 


rich in zine to contain 15 per cent. or 
There is always a little lead 
to 4 per cent., and the 
to which it of 
its color, usually varies from 8 to 15 per 
In the basie lead sulphate ingre- 
of the blue lead the 
lead ingredient,’’ is gen- 
erally reported as lead oxide, is quite 
to 
is described as lead sulphate is 


even more. 


sulphite, from 1 
lead sulp!| ide, owes most 
cent. 
dient 


ii basic 


pigment, 
which 
variable, from 18 
what 
from as high as more than 60 to less than 


39 per cent., and 


15 per cent. of the whole. 
These 


Causes ; 


wide variations have many 
the 
ore, which naturally contains zine, and 
itself, 


**blue 


the original composition of 


this zine is difficult to recover by 
but 
lead’’ 


accepted by 


as an ingredient of either 


‘sublimed white lead’’ it is 
the buyer; then the tem- 
perature in the furnace depends partly 
on the operator; when the air is very 
damp a deal 
through the furnace 
this affects the 
action that occurs and ob- 
tained. In ecold fire 
burns in a different way than at other 
times. And above all, the buyer, not 
knowing what 


or the *‘ 


great more water goes 
han when it is dry, 
kind of 
the results 


weather 


and chemical 


windy 


he is getting, accepts 


variable stuff that he would never take 


of paint, and if 


economi- 


white basic 
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definite material li 
lead or red lead or zine oxide, 
simple and well-known composition. I 


if he were buving 


white 
using materials of this latter sor 
is more of a feeling of certainty. 

It 


sulphate pigment of var 


has been said that the blue lk 


tion is sold as a pigment for use in 


for metal structures. In this use it co 
petes with red lead, a much older ai 


better known material made by all thos 
who produce the by-product blue su 
phate, and by many others. It con 
half to two thirds 


ad, and 


two thirds the price. It 


from about one 
much metallic lead as red | 
sold for about 


is made directly from the ore, 


lead is from refined metal. Its sales fo 
paint purposes are probably from 3 to 
per cent. of the amount of red lead used 
for paint, perhaps a smaller proporti 
than that, and while the gross profit « 
it is more, the cost of selling is mu 
higher. <As has been said, the amow 
sold for all purposes is but a small pr 


portion of its production, so that most o 
it has to be roasted and reburned int 
Part of 
are theoretically 


the white sulphate. its ingr 


ble. but 


unstabDl 


probably the main popular objection 
it is its extreme variability, producii 


unexpected failures 
lot 


other industrial 


previous 
previou 


] . 
where a 
Its. Kor 
the 


fitted, 


showed favorable resu 


purposes, like rub 


be well be- 


cause the consumer has a laboratory and 


ber trade, it may 


finds out in advance exactly how much 
of each ingredient to put into a batch 
and thus uses it intelligently. 

It is well to say that among people who 
blue lead 


distinct 


use metals as such, the term 
pure metallic 
from solder, pewter, type-metal or other 


means lead, as 
metals or alloys, and has no connection 
with pigments. In this sense, again, 


is a technical term. 





while red 


) 
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We have eliminated all the 
purely geometrical effects arising from 


orienta- 


how 


differences of distance and of 
tion, and are left with real physical dif- 
ferences of shape and constitution. We 
find that by far the greater number of 
our edge-on nebulae can be arranged in 
a single continuous sequence; it is, in 
brief, a which begins with 
spheres and ends with flat discs, al- 
other shape 


The 


sequence 


sequence 


though features besides 


change as we along it. 
nebulae at the 


consist solely of round, fuzzy masses— 


move 
one end of 
even the most powerful telescope shows 
no stars in About half way 
along, stars begin to appear in the outer 
the Then, further 
along, come nebulae such as the great 


these. 


edges of nebulae. 
nebula in Andromeda, which consist of 


a comparatively small, central, fuzzy 


mass, surrounded by vast crowds of 
stars. At the extreme end of the se- 
quence we have pure clouds of stars 


such as our own system. The compari- 
son of the cart-wheel remains quite a 
good one, throughout the second half of 
the sequence, because the nebulae here 
generally have a thick central projec- 
tion, which we may describe as the hub 
of the wheel, while the rest of their 
structure is flat. In brief, our sequence 
is one of nebulae arranged in order of 
flatness, and this suggests a simple theo- 
retical interpretation of the sequence. 
We know how increasing the speed of 
rotation of a body results in a flattening 
of its shape. The ordinary Watt gov- 
ernor provides an obvious instance—as 
the engine runs faster, it flattens out. 





The sun rotating only once every 26 


The 


days is an almost perfect sphere. 


earth, rotating more rapidly, but still 
very slowly, is slightly flattened, so that 
we usually describe it as orange-shaped. 
Jupiter rotates more rapidly—once every 
ten hours—and is much flatter in shape. 
Finally, astronomical bodies which are 
rotating very rapidly may be almost 


completely flat. It is natural, then, to 
try to interpret our sequence of nebula 


as one of the bodies which are rotatu 


at different speeds. And as we know 
that the speed of rotation of a body 
increases as it shrinks, it seems likely 


that we may interpret this sequence of 
nebulae as one of different stages of de 
If this conjec 
ture is sound, a nebula starting wit! 
little rotation at first and shrinking in 
size would gradually increase its speed 


velopment or evolution. 


of rotation as it shrank, and would mov: 
steadily along the sequence as it did so 

The way to test this conjecture is to 
calculate for ourselves how a mass of 
rotating gas would change in shape as 
it condensed and shrank. Although the 
mathematical analysis is not simple, and 
ean not be absolutely precise, it is, | 
think, fairly conclusive; we find that 
the evolution of a mass of rotating and 
shrinking gas would be represented ex- 
actly by passage along the sequence. 

It is not worth enumerating all the 
detailed changes which, as theory pre- 
dicts, would accompany this evolution, 
but one is worthy of attention. The 
more highly developed nebulae do not 
show a uniform distribution of gas in 
their outer fringes, but an uneven dis- 
tribution which first forms condensations 
or knots, and finally develops into sepa- 
rate stars, such as we have already seen 
in the great Andromeda nebula. Mathe- 
matical theory not only predicts this, 
but enables us to calculate the amounts 
which would 
of these condensations; in other words, 
we can calculate theoretically what the 
masses of the stars ought to be if our 
theory is sound. It is gratifying to find 
that these theoretical masses agree pretty 
well with the actual 
We may, then, be fairly confident that 
this is the way the stars come into be- 


of gas go into each 


masses of stars. 


ing; our sequence of nebular configura- 


tions is, in effect, a sort of 
graph film of the birth of the stars. 


cinemato- 














BEYOND THE 


We then. 
eround in tracing the 


may, 


universe back from st: 


but how did the nebulae themselves n 
into being? The conjecture which a 
once T t the 


jumps to the mind is that 
been formed by the 


I i 


nebulae may have 
as the stars; 


same proce SS 


stars came into being as condensations 
in a tenuous uniformly spread gas—the 

iter fringes of the nebulae—so the 
nebulae may themselves have previously 
come into being as condensations In an 
earlier mass of uniformly spread tenuous 
cas. This can never be more than a con- 
jecture, but there are strong arguments 


in its favor, as we shall now s« 


We have already seen how differences 


n size and brightness between nebulae 
of the same shape are almost entirely 
daue to a distance effect. In other words, 
the faintness of a nebula gives us a 


sure of its distance. This makes i 


mea 
possible to estimate the distances of all 
nebulae even the very faintest, with fair 
which can bi 
the 100- 


inch telescope prove to be at the amazing 


aceuracy. The faintest 


observed photographically in 
distance of about 140,000,000 light-years. 
Dr. Hubble finds that the 
nebulae which le within this 
are fairly uniformly spaced at 
1,800,000 light-years apart. 
struct a model, by taking apples and 


two million 
distance 


about 
We can con- 


spacing them at about 10 yards apart, 
until we have filled a sphere a mile in 
This will use about 300 
This sphere is the part of 
the 100-inch tele- 


scope; each apple is a nebula containing 


diameter. tons 
of apples. 
Space we Can see In 
matter enough for the creation of several 
thousand million stars like our sun; each 
atom in each apple is as big as Betel- 
with a 
slightly larger than, that of the earth’s 
orbit. 

The circumstance that the 
are fairly uniformly distributed through 
space certainly supports the conjecture 


diameter equal to, or 


geuse 


nebulae 
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f¢ rmly, or at least wilt SO! 
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Saturn. The extra-galactic nebul 
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forever being broken into 
smaller pieces, but these pieces forever 
tend to scatter further and further 
apart. 


To take the example nearest home, the 


universe 


earth is forever driving the moon fur- 
ther the agency known as 
tidal When we watch the 
waves of the sea being checked by a 


away, by 
friction. 


sea-beach or a headland, we may reflect 
that their impact is not only slowing 
down the earth’s rotation and so length- 
ening the day—it is also lengthening 
the month by driving the moon further 
Incidentally, it is 


driving 


away from the earth. 
through the 
the earth further from the sun, and so 


also, solar tides, 
lengthening the year as well. 
Again, every ray of sunlight that en- 
ters our eye carries mass with it; eight 
minutes previously this mass was part of 
the mass of the sun. Every second the 
sun loses more than four million tons of 
sunlight and sun- 
continual 


eravitational 


mass, in the form of 
heat. As the result of 
loss of mass, the 
hold on its family of planets forever 
these are driven further 
The earth’s orbit round 


this 


sun’s 


and 


off into space. 


weakens, 


the sun is not so much like a eirele or 
ellipse as like a coiled watch-spring a 
spiral forever receding into the cold and 
dark of space. 

The same tendency affects the galactic 
system as a whole. The stars of which 
it is formed continually scatter their 
mass broadeast in the form of radiation. 
As they do so, their gravitational hold 
on one another that the 
whole galactic system forever expands. 

And it must be the same with the other 
Throughout the 


weakens, so 


star-systems in space. 
universe, all the smaller broken pieces, 
satellites, planets, stars, are scattering 
away from one another in apparent op- 
position to the laws of gravitation. 
Still more surprising and sensational 
is the recent discovery that the largest 
the great extra- 


pieces of the universe 


calactic nebulae we have been discussil 
to all 
similar scattering. 


are appearances engaged in 
They, too, appear t 
be running away from us and from o1 
another. Until recently, it was thoug! 
that on the the 


were approaching the galactic 


whole nearer nebula 
S\ sten 
while 


We 


appeared to be approaching merely b: 


the more remote were receding 


now know that the nearer nebula 


mostly in t 


cause they happen to lie 
direction towards which the sun is being 


earried by the rotation of the galaxy 


actually we are approaching then 
\fter the sun’s motion in the galax) 
has been taken into account, all, o1 
nearly all of the nebulae appear t 
be receding from the galaxy. I 

nearer nebulae have small speeds, and 
the more remote nebulae have greatet 
speeds; in general, speed is approxi 


rhis 


simple law seems to hold to the very 


mately proportional to distance. 


furthest of the nebulae—Hubble find 
that for every million light-years of dis 
tance there is a speed of recession of 
about 105 miles a_ second. The las 
nebula to be investigated at Mount Wil 
son shows a speed of recession of 12,300 


its distance, as estimated 
105 muil- 


miles a seeond: 
from its faintness, being about 
lion light-years. 

On the face of 
the whole universe were 


} 


it, this looks as t u 


houg!] 
uniformly e3 
panding, like the surface of a balloon 
while it is being inflated, with a speed 
such that it doubles its size every 1,400 
million years. 

One of the great puzzles of astronom: 


at the present moment is whether these 


apparent motions of recession are real 


or not. They are deduced from spectro 
scopic observations; the nebular spectra 


show displacements to the red, which, 


interpreted in the most obvious Way as 
Doppler effects. vive the speeds already 
Yet 


many 


every spectroscopist 


factors 


mentioned. 


knows that besides mo- 
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Einstein’s relativity cos! is s d 
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Yet various cirecumst Ss suggest a 
need for cautior Kor o1 t speed 
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Again, the very magnitude of the ap 
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tence of the universe 1 mere fl 
any rat in ¢ ! p risol Wi ! T W 
have recently believed the ré 
real, Eddington has e¢: lated that th 
universe must have started mat 


MILKY WAY 


s l 
nd s t 
)* 1 
- , i » 
14x10 

‘ ~ ‘' 
T ! Ses t 

present 
~ t T) T 

I 
erams ! } 

l I! 

12 ’W) y | ? 
ver niv ¢ \ 
I : ; . 


mes } ‘ tT ~ 
r rs I pl Se] 
- | 
very 1,400 1 
) ~ t 
\ { p i 
ye ; 
S 
General i 
TY ? ? 
cis ¢ 
aens ? , 
’ 
rl ? \ ns 
rt | 
i ‘i 
tter o } ar 
? ’ } 
> A 
re ft T ( 
sits 
{i 
’ " , 
_ 
; 
+ T a 
+, } 
I 
‘ ’ 
? ry? 
ro? " 
I i 
ne 
as ~ 


1) 








40 THE SCIENTIFIC MONTHLY 


are far apart and describing elliptical 
orbits. 

vational 
evolution of a star which has broken into 


Theory suggests that this obser- 
sequence exactly depicts the 
two as the result of excessive rotation. 
The outstanding importance of this se- 
quence to our present discussion lies in 
the fact that the stars at the beginning 
of the sequence are undoubtedly many 
times more massive than those at the end. 
It seems likely that those which are now 
at the end have begun at the be- 
ginning and the greater part of 
their mass in the form of radiation, and 
to do this would take millions of millions 


must 


lost 


of years. Considerations such as these 
make it very difficult to believe that the 
universe can be such an ephemeral con- 
cern as the apparent speeds of recession 
of the nebulae would suggest. There is, 
I think, every reason to hope that within 
a very short time we shall know the truth 
about this puzzle, and, whatever the solu- 
tion may be, there seems to be a consider- 
able chance that it may provide us with 
to the 


a clue, perhaps even with a key, 


structure of the universe as a whol 
Until quite recently, the scientist, lik 
the ordinary man, accepted the funda 
mental ingredients of our experience 

space, time, matter and energy—more or 
less at their face value. The 


vious and superficial interpretation sug 


most ob- 


gested by every-day experience was as 
sumed to correspond fairly closely t 
The theory of 


| lx 
utter! 


ultimate reality. rela 


tivity has shown that we were 
wrong about space and time, and we art 
beginning to suspect that we are still just 
and 
The concept of an expanding 
may er all to be a 
false scent, and the truth may lie in som 


about as far wrong about matter 
energy. 


universe prove af 
] 
i 


} 


other direction. In either case the ol 
served phenomena must mean something, 
and their true interpretation, when i 


found, may carry us a step on towards 


nm iti1s 


the solution of the greatest mysteries of 
the external world 
and of time, matter and energy, and of 


which 


the nature of space, 


the combination of all these econ 


stitutes the physical universe. 

















THE FUNDAMENTALS OF THE 


RELATIVITY 


THEORY? 


By Dr. MAX TALMEY 


W YORK, 


INTRODUCTORY 


THe rumor that only a d 
in the whole world understand the rela- 


tivity theory is a myth. Competent 


physicists comprehend the theory and 
their number 
twelve. What is true 
is that even highly educated non-physi- 
little of the theory. 


its essentials 


Is @¢ rtainly more than 
about that rumor 


cists know very 
The reason for this is that 
have never been explained in a manner 
lay man. No treatise, 
scientific or popular, states clearly 
the 1d 


un 
unknown, 


intelligible to a 
and 
f amental ideas, 
from the 
Educated laymen 


saliently new 


previously which 
theory was deduced. 
that 
revolution of th 
Newton, the mi 


Copernicus discovered thi 


know 
planets around the 


itual attraction of 


sun ; 

1 When I was stu g medicine in Munich 
good fortune brought me n contact with 
Albert Einstein, then ten years old For five 
years I associated with him intimately and 
frequently. Thus I had the opportunity for 
observing at close range t extraordinary 
mentality which Alber inifested dy at 
that young ag I n ] 1 a part in its 

folding during t pe i I juainted 
him with a popular book on pl s which 
exerted a great influence on his whole develo 

ent. I gave him the first book on mathe 
matics and helpful advice in solving the first 


geometrical problems. When he was about 13 
years old, the flight of his mathematical 
was so high and swift that 
follow. Philosophy then became a sub 
our conversations. I advised him to read 
The 


prehensible to ordinary mortals, 


works of this philosopher, incom- 
seemed to be 
When I made 


ght was often pres- 


Kant. 


clear to the young schoolboy. 


those observations, the thou 


ent in my mind that a great scientist would 
develop out of that child. The expectation 
has been richly fulfilled. For a more detailed 
account see New York Times, February 10, 


1929. Special Features, p. 11. 


N. ¥ 


the bodies, ete But ask , . 
discovery of Einstein’s led to his 
and he is at a loss for an answer 
true. the answer to the question is 
tained in the better treatises on t 1 


reo ; ~ entTane i] 


but even the 


ory, ~ 
a mass of particulars, uninterest 
the layman, that he is unable to ur 
if To impart to hn fair understand 
ing of the relativity t ry the d 
underlying it should be clearly st 
right from the start and tl ne! 
ments of philosop nd far up 
should be avoided thi it. It is 
purely physico-mathematical subject 
must be treated as such to be compre 
hensible. The mathematics required 
the special relat theor whi 
the foundation < t f I 
quite simple, well intelligi to t 
ave educated laymer Ay t nt 
explain the theory wilt! t tou ng 
the least on mathematics is bound t 
of its purpose. 
DiscoveRY UNDERLYING THE RELATI 
TuHeEeory, RELATIVITY OF SIMI 
ANEITY 

Einstein discovered the relative 
the sn ( 
appreciate this discovery, v r? 
the origin of the relativity theory, we 


have to know 


simultaneity of distant events wo 
events that are iar apart in spa are 


simultaneous or non-simultaneous ac 


cording to whether an observer stationed 


f 


in the middie of the distance between 


them perceives them at the same instant 
or at different instants. This definition 
of simultaneity takes for granted that 


light travels equally fast in all diree 
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tions. Since the observer is equally dis 
tant from the two events, the light com- 
ing from one of them needs as much 
time to reach him as that coming from 
the other. 

Two distant events simultaneous for 
an observer in one system, for instance, 
in a very long ship traveling with uni- 
form speed in a straight line, are non- 
simultaneous for one observing them 
from another system, for instance, from 
the river shore along which the ship is 
moving. In other words, the simul- 
taneity of distant events is not absolute, 
but relative, that is, dependent upon the 
system from which they are observed. 
Einstein made this discovery and recog- 
nized its vast importance for physical 
research. Its greatness lies in the fact 
that that thing, simultaneity, did not 
attract the attention of anybody and he 
first took notice of it and saw its full 
import, just as Newton found great sig- 
nificance in a trifle, the fall of an apple 
to the earth. Let us see now how the 
relativeness of simultaneity was estab- 
lished. 

A ship travels on a river with uniform 
speed and without noticeable vibration 
and noise. The water is smooth, the air 
still. The shore forms a straight line. 
Under these conditions the passengers 
are not aware of any motion of their 
system, the ship, as long as they do not 


When they 
do observe the shore, the ship is still at 


look at its surroundings. 


rest for them, only the shore is moving 
All actions they 
may perform do not reveal to them any 


from bow to stern. 
motion of the ship since they proceed 
exactly in the same manner as on the 
earth. For an observer on the shore, 
however, the ship is moving in the direc- 
tion from stern to bow. 

On the top deck of the exceedingly 
long ship midway between stern and 
In an angle mir- 
ror he ean see a pole attached to the 
stern and another pole fastened at the 
The former earries a white elec- 


bow is an observer S. 


| 
DOW. 


A ™ : 
FIG. 1. SHIP AND SHORE 
G, GREEN LAMP AT THE BOW; W, WHITE LAM 
AT THE STERN; S AND R, OBSERVERS VW 
ANGLE MIRRORS. 


tric lamp (W) and the latter a gree 


one (G). Mr. S turns a switch and tl 

lamps light up. Two events take plac 
I 2 I I 

a white flash and a green flash If S 


sees them at the same instant in his angle 
mirror, they are simultaneous for hin 


according to the definition given abov: 


On the river shore is another observer 


+ 
ul 


R. In an angle mirror he can see 
two lamps on the ship. At the 
of their lighting up R is opposite S o1 
midway between the white light (W 
and the green one (G He sees the tw 
flashes but G later than W. The rays 
from G and W need some time to reac 


instant 


him. Sinee he moves away from th 
green ray and toward the white ray 
that the 


the green ray needs mor 


shore moves from 


remember 
bow to stern 
time to reach him than the white ray, 
and is therefore seen later. The flashes 
are perceived by observer R at different 
midway between 
them when they occurred. Hence they 
are non-simultaneous for him according 
to definition. 

One can easily compute the amount 
of the non-simultaneity of the tw 
flashes for observer R. For this pur 


instants and he was 


pose we assume greatly exaggerated mea 
sures. The ship is 1,000 kilometers long 
and its speed is 10° km. per st cond. A 
simple calculation gives the following re 
sults. Observer S sees the flashes 1/600 
of a second after their occurrence. Ob- 
server R sees the white flash 1/800 see- 
ond after its occurrence and the green 
flash 1/400 s. after its occurrence. The 
two flashes are non-simultaneous for him 
by 1/800 of a second. 


The relativeness of  simultaneity 


— 
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vents directly but throug 
the hgeht coming m m and lhght 
needs time for its propagatio1 Fron 


The relativeness of simultaneity led 
Einstein to the discovery that time and 


] 


spatial length, too, are relative, that 


IS, diffe rent I d rent obs rvers 
This was all the more amazing since tims 
and space were always considered as 


absolute. No less an aut! rity than 


Newton emphatically affirmed the abso- 
luteness of time d sp | s | 


expresses it, have no “'reterence to any 
external object 


For the sake of clearness in the fur 
1 I discuss n ¢ ( r sul tT. i ition 
is called to a point n re mentioned 
and this is that ‘‘time’’ denotes two 
things which are not identical, to wit 


duration, 2.€., an interval between two 
events, as in the statement ‘‘he traveled 
three hours, ’”’ or an instant as in the 
statement ‘‘he arrived at midnigh 
An instant and an interval are in tim: 
what a point and a length are li space. 


In the prerelativistic era an interval was 


considered to be absolut lor instance, 
if two flashes occurring the ship are 


separated by a second as determined by 
a clock on the ship, it was taken for 
granted that for an observer on the shore 
the flashes are also separated by a see 
ond of his clock. Einstein discovered 
that this is not the case, that the ob 
server on the shore finds the interval 
between the flashes to be more than a 
second by his clock, 2.e.. that an interval 
is relative. 

An interval of time stands in connec- 


tion with the rate of a clock. It follows 
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established theories. These discrepan- 
cies could not be explained and caused 
no mean perplexity to physicists. Ein- 
stein found that two hypotheses furnish 
the solution of the difficulty. One of 
them he ealled the ‘‘relativity princi- 
ple’’ and the other the ‘‘principle (or 
law) of the constancy of the velocity of 
light.’’ 

(1) Relatwity Principle. The 
(mathematical equations) for all 
ural phenomena without exception are 
in all 


laws 
nat- 
the same (have the same form) 
systems which are in uniform rectilinear 
motion relative to each other. Two im- 
plications are contained in this princi- 
ple. First, all such systems are equiva- 
lent for formulating the law of 
natural Second, by no means 
is it possible to ascertain absolute uni- 


any 


process. 


form rectilinear motion of a system. 
(2) Principle of the 
the Velocity of Light. 
the constant 
(3.10 in all directions indepen- 
dent of This 
principle implies that a ray of light has 
for all observers 
irrespective of their motion relative to 


Constancy of 
Light travels in 
vacuo with velocity c 
kms ) 

the motion of its source. 
the same velocity ¢ 


each other. 

Between the two principles there was 
a eontradiction, as we shall 
owing to the traditional absoluteness of 
Einstein subjected 


soon see, 
time and a length. 
these concepts to a critical examination 
and found that time and a length are 
Thereby the conflict between 
The theory 
har- 


relative. 
the principles disappeared. 
which he developed thereupon, 
monizing them, is the ‘‘Special Rela- 
tivity Theory.’’ The term ‘‘special’’ 
indicates that it is restricted to systems 
in a special kind of motion, namely, in 
uniform rectilinear motion. Later he 
extended the theory to apply to systems 
in any kind of motion, 7.e., also in ac- 
celerated and rotary motion. This 
amplified theory is the ‘‘General Rela- 
tivity Theory.”’ 


ADDITION OF VELOCITIES ACCORDING TT 
CLASSICAL MECHANICS AND Con- 
FLICT BETWEEN THE Two 
PRINCIPLES OF THE 
RELATIVITY 
THEORY 
On the deck of our ship moving wit! 
trol 
stern to bow with the velocity u. What 
is the value of the ball’s velocity U 1 
If the ball 

] 


second, 


the velocity v, a ball is rolled 


the observer on the shore? 


is at rest on the deck for a 
travels in this time past observer R thi 
distance v because of the ship’s motion 
When it rolls, it proceeds for ol 


opserve 
S in a second the distance u, hence als 


the same distance for observer R. Alt 
vether it moves therefore for the latte 
in a second the distance u+v. This 


sum represents the ball’s velocity fo 
observer R: U=u+v. 
velocity sought is obtained by adding 


This is the mode ot 


} 


Accordingly the 


the velocities given. 
the addition of velocities in 
mechanics. It conflict bi 
‘or the pre- 


classical! 
creates a 
tween our two principles. 
ceding considerations must be valid just 
the same if the ball is replaced by a ray 
of light. We have then to use ¢ instead 
of u and we obtain: U=e+v. This 
means that the velocity of the ray is 
e+v for observer R while for observer 
S itis e. This contradicts the relativity 
principle according to which the law of 
light propagation must have the same 
form for both observers, can not have 
the form ¢ 
for the other. 

This dilemma disappears when the 
addition of according to 
classical mechanics is given up. It is 
based on the absoluteness of time. It 
assumes that a second on the ship is also 
a second on the shore or, generally, that 
a time interval determined by a clock on 
the ship has the same value when 
measured by an equal clock on the 
shore, t.e., that t’=t. But the equality 


for one and the form e+v 


velocities 








— 
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of t’ and t is an unproved traditional 
If we abandon it and establish 
another relation between t’ and t, we 
find that the same ray of light has the 
velocity ¢ for both observers. This rela- 


tion is given through the equation: 
t’=tq, wherein q= 7 (1-v’*/e’ . We 
shall see that from this equation foliows 
that U =e, 2.e., that a ray of light pro- 
duced on the ship has the ve locity ¢ also 


for the observer on the shore. 
TRANSFORMATION OF COORDINATES 


The systems ship and shore being in- 
appropriate for general considerations, 
we must now resort to systems of co- 
ordinates. A Cartesian system of coor- 
dinates is a frame consisting of three 
straight lines intersecting each other at 
Zero- 


right angles in one point, the 


point. Given such a frame, any point 
in space can be located through its dis- 
tance from the zero-point on each axis 
The three distances are 


the space cor rdinates of the point. To 


of the system. 


determine an event occurring in it we 
need to know the time of the event. It 
is given through a clock at rest in the 
The four variables of an event 
letters 


system. 
are designated with the small 
xX, y, 2, t. 
Y y’ 


| 


‘oo ml — 4 


x 
FIG. 2. TWO SYSTEMS OF COORDINATES 
WITH CORRESPONDING AXES 
PARALLEL, 





We consider two such systems K and 
K’ with corresponding axes parallel and 
K’ in uniform rectilinear motion rela- 
tive to K with the velocity v and in the 
direction of the positive X-axis. An 
event may occur on the X-axis of K and 


its variables in this system may be 





are the val bieS X l 
in K when its v bles 
viven: 
According to classical m« S 


relations between the two sets 
ables are given through thes 


te = 


They are called tl} Galliel-trans rn 


xX \ T 


tions. The relativity theory ré 


them. According to it a ray of lhght 


must have the same velocity ¢ in b 
systems. This is the case when the 1 
tions sought are expressed through t 


following equations, called the Lorentz 
transformations: 

II, (1) x’ x —vt)/q; 
2) t’ = (t-—vx/e*?)/q; q= Vy (1-v*/ 
The deduction of these equations 18 


quite simple. 


ADDITION OF VELOCITIES ACCORDING 
THE RELATIVITY THEORY 

The equation U=u+v for the addi 
tion of velocities in classical mechanics 
follows from the Galilei-transformations 
The ball proceeds in t’ seconds of a clock 
on the ship the distance x’=ut’. If w 
replace x’ and t’ by their values from 
the Galilei-transformations, we obtain 
X—-Vi=Ul; xs=tlu+v 
ond by a clock on 


If t is one sec 
the shore, x becomes 

U, and we obtain: U=u+v. 

But if we replace x’ and t’ of tl 


4 
7 


equation x’ =ut’ by 
Lorentz transformations, we arrive at a 


different formula for U. We have 


then: (x-—vt)/q=u(t—vx/e*)/q; x(1 

uv/e?) =t(u+v If t is one second by 
a clock on the shore, x becomes U and 
we obtain: U u+v 1+uv/e*). This 


equation is the theorem of the addition 
of velocities in the relativity theory 

If we 
light, u becomes e and for the velocity 
of the ray relative to the shore we hav 
the equation: U=(¢e+v 1+ev/e 


replace the ball by a r 
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equation 
light ean 
diminished. 


(c+ e+v)/e=e. This 
that the 


increased nor 


shows velocity of 
neither be 
Kor when v is negative, U has also the 
value Cc: U c V l CV/C~) c- 
The 
does not enhance nor reduce the lhght’s 
velocity. Hence a light 
sarily has the same velocity for the ob- 


Vv c vj/C=€, ship’s velocity 


ray of neces- 
server on the ship and the one on the 
shore. 


1 


The two principles of the relativity 


theory are now in accord since we have 
furnished the proof that light has the 
same velocity ¢ for any two observers. 
We have still to show that time 


length are relative. For this was taken 


and a 


fo 


for granted in that proof. 


DEFINITION OF TIME 


Time has been defined by Einstein as 
‘the position of the little hand of my 


clock.’’ This determines time as an in- 


stant. But 
the definition determines also 


since two instants fix an 
interval, 
time as an interval. 

The definition is adequate for finding 
the time 
ing near the clock but not for a temporal 


instant) of an event happen- 


between two events remote 
In the latter case we 


connection 
from each other. 
need two clocks that have the same rate, 
are synchronous. Einstein devised an 
Ingenious way of synchronizing two dis- 
tant clocks A and B through light sig- 
nals. The stipulation (not assumption 
is made that light travels from B to A 
as fast as from A to B. At 30 seconds 
past 12 by the A-clock a light ray is 
sent from A to B. It is reflected from 
B at 32 seconds past 12 by the B-clock. 
The two clocks are synchronous if the 
ray returns to A at 34 seconds past 12 
by the A-clock. For since 32-30 =34- 
32, the light has traveled equally fast in 
both directions and the stipulation is ful- 
filled. We have to express all this in 
general terms. The departure of the 
ray takes place at the instant t, of the 
A-clock, the reflection at the instant t, of 


the B-clock, and the return at the in 
stant t’, of the A-clock. The two clock 
are synchronous if t,—t,=t’,-t The 
equation is the definition for the syn 
chronism of two distant clocks at r 

relative to each other. The clocks ar 
non-synchronous if the two sides of th 
equation are unequal. Any number o 


distant clocks at rest in a given system 


(ship or shore) can be synchronized 

the manner described. We have n¢ 
cained a definition of time adequate ro 
a temporal correlation of distant event 


The time (instant) of an event in a sys 
tem is the hand-position of a near 
clock at rest in the system and synchro 
nous with a definite clock also at res 

in it for all de 


the System and used 


terminations of time. 
PROOF FOR THE RELATIVITY OF TIME AND 
OF A SPATIAL LENGTH 


We ean now 


echronous for observer S in 


prove that clocks sy: 

system I’ 
are non-synchronous, a clock in K’ is 
retarded, and a length in K’ parallel to 
the X’-axis is shorten 
in system K which is in motion relative 
to K’ with the velocity v, 1.e., that time 
and a spatial length are The 
proot for these three contentions follow: 


ed for observer R 


relative. 


from our two principles. We give it 
here for the first one. 


v y? 


> 


FIG. 3. TWO SYSTEMS OF COORDINATES 
WITH CORRESPONDING AXES 
PARALLEL 
A AND B, CLOCKS SYNCHRONOUS IN SYSTEM K 


At the points A and B of the X’-axis 
are clocks synchronous for S. The other 
observer R on the X-axis perceives their 
hands through light illuminating their 
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] ls He notices that at the instant T, 
of the A-clock a light flashes up at its 
dial, is reflected from B at the instant t 


of the B-clock and returns to A at the 





I stant t’, of the A-clo ray 

' ; 

l travels towards B with the for 
bserver R just as for observer 8S (rela- 


ity principle). But for the 








\ 
B-clock flees from the ray. The 
ocity with which the ray overtakes 
} t clock is therefore d mnished, o1 ly 
( \ he distance covered by the ray 
s AB, hence tl e consumed in tl 

ravel 1s AB/(« Observer R ob 

S there ore t equation + + 

AB/(e-\v At the return the ray has 
again the velocity « rr observer R (lav 

( ht propagatio But A moves to 

wards the ray for him, hence the velocity 
which the 1 A is increased 
r him, namely, e+\ The distance 
covered is again AB. Observer R finds 


therefore for the time of the return the 


equation t’, —t, = AB/(¢+v From the 


TWO equations fi llows T t >» 7 1 
The two cloe] S are therefore non-syn- 
enronous according To the definition for 


the synchronism of two distant clocks 
The retardation of a clock and the 
shortening of a length are demonstrable 
| by It is to he noted 


that both principles are needed in the 


the same method 


preceding proof. 


SUMMARY OF THE FUNDAMENTALS OF THE 
SpecIAL RELATIVITY THEORY 
The Special relativity theory consists 


( 


f two hypotheses and several inferences. 
For the sake of brevity in summarizing 
them it is stated that K and K’ mean 
two systems of coordinates in relative 
uniform rectilinear motion in the diree- 
tion of the positive X-axis and R sig- 
nifies an observer at rest in K and S one 
at rest in K’. 


I. Hypotheses. 1, 


ple. The laws of nature are alike in all 


Relativity Princi- 


systems, in K’ and in K. 2. Law of 
Light Propagation. The same light ray 
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For a still broader knowledge of it he 
needs information on other items con- 
nected with the theory. We can merely 
mention the most important ones: the 
observations and experiments which 
gave the incentive to the development 
of the theory; notably the experiments 
of Fizeau and of Michelson and Morley ; 
the consequences of the special relativity 
theory, such as the union of mass and 
energy; the equality of inertia and 
gravitation and the general relativity 
theory ; the consequences from the latter, 


such as the bending of a ray of light, 
the anomaly of the planet Mercury, th 
shifting of the spectral lines of sidereal 
light; the erroneous popular notions r 

garding the ether, the fourth dimensio: 
and the Euclidean geometry, ete. A 

these subjects are treated in a book t 

be published later which follows th: 
method used in this essay. The latter is 
an extract of the former and intended 
merely to impart to the lay reader an 
understanding of the fundamentals of 
the relativity theory. 


IN QUEST OF APOLLO’S SACRED WHITE MICE 


By CLYDE E. KEELER! 


HOWE LABORATORY, HARVARD 


A sNowy with claret colored 
eyes is actively tearing paper in her 
cage upon my desk. She is merely a 
‘‘tame, white mouse’’ but one 
among millions of her kind raised for 
scientific study throughout the world 
to-day. I have been watching her and 
I have been thinking. In my reaction 
to her, there is nothing original, be- 


cause many a man in the past has had 


mouse 


and 


his curiosity aroused by just such an 


albino mouse. Aristotle mentioned a 
current saying to the effect that the 
white mice of Asia Minor ruminate. 
Pallas observed that when white mice 


are mated to whites all their offspring 
are albinos like their parents. Darwin 
learned that whenever white mice are 
mated to grays there are grays among 
the immediate progeny and both whites 
and grays in later generations. Mendel 
erossed white mice to gray ones, and his 
biographer that the results 
of these unpublished experiments may 
have led him to formulate his theory of 
heredity for which he later provided 


suggests 


1 The field investigation herein described was 
provided for by an appointment from Harvard 
University as Sheldon Fellow in Biology for the 


year 1930. 


MEDICAL 


SCHOOL AND BUSSEY INSTITUTION 


overwhelming proof by his classical ex 
periments upon garden peas. 

The white mouse has stimulated in m« 
an interest in her origin, and from the 
data which I have collected we may 
piece together something of that story 

Some of her past lies hidden away—a 
bit here, a bit there within a few curious 
parchment bound volumes of 
tongue, now treasured solely for their 
great age. Much of the rest is buried 
forever in the dust that was Babylon 
and Troy. 

Beyond the antiquity of three millen 
nia, at the dim dawn of human record 
where fact and fiction inseparably com- 
mingle, there we must begin if we would 
trace her lineage. It does not require a 
great flight of fancy to picture that 
seene of domestic commotion in the light 
of a pine-knot fire when the first fright- 
ened white mouse was seen by a cave 
woman to dart from an uncovered grain 
jar to a crevice in the corner. Th 
woman gave a gasp and excitedly dé 
scribed what she had seen in terms of 
snow and lightning, only to be squelched 
by one of the cave men who gruffly as- 
sured her that she was imagining things 


classic 
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again. But when the mouse reappeared 


from time to time and was seen by other 


the family, the tottering 
declared EL 


members of 

patriarch of the cavern 

cathedra that it was a good spirit which 

had come to dwell with them and that 

. } 1. 

its presence in the cave would make 
1} 


W het 


scription bears any relation to the truth, 


them prosper. er or not this de- 
no one ean tell, but we do know that 
somehow white mice found their way 
definitely into the religious auguries of 
China, Babylon and Troy, possibly also 
Carthage, Alexandria and Philistia. 
Among Germanic tribes the goddess 
of fortune appeared as a white mouse. 
The Slavs and Romans eonsidered it a 
good omen, while in Japan to-day it is 
the symbol of Daikoku, the god of 
wealth. 
About 1,400 
Teucer and his followers landed upon 
the shore of Asia Minor just below the 


years before Christ, 


Dardanelles for the purpose of coloniza- 
tion. Tradition has it that before these 
Cretans set out from their home land 
they had 
manding them that where they settled 


been given an oracle com- 
there they should 
Apollo, in 
worship the 
Now to the nature-adoring 
each animal had symbolic significance. 
Witness the popularity of the python 
cult in Crete. Witness the gifts which 
the surrendering Scythians 


build a temple to 


which shrine they should 


‘ 


‘earth-born creatures.’’ 


ancients 


presentéd 
to Darius to show his complete posses- 
sion of all they had owned. They sent 
him a mouse, a frog and a bird, sym- 
bolizing their land, sea and sky, re- 
spectively. The choice of the mouse 
by the Trojans as the sacred symbol of 
Apollo is explained by the following 
Pontie legend: 

For a long time the invading Teucri 
were restricted to the shore by the abo- 
riginal Pontians, with whom they con- 
tinuously contested in arms. A decisive 
victory for the Cretans was accredited 


the colonists tolled 


by the 


the Trojans forget 
the humble sours 


} 


in gratitude they 


adjacent Isl f 
temple to Apol 
mice were Sacrosanct 


Several Greek 


visited the Troad tem} 


lly of white ones 

-™ ines ‘ f 

the aitar 1tsell ( 
requently bear rey 

arr . ley ‘ 

arcnale cu IS 8 

theus and oceasiona 
Apollo Smintheus, 

of the bow, had 


attributes soothsaying 


was To Herophila 
Apollo, that ‘ 
despair 


dream forecasting 


ind the fate of herself 


sibly, 
mice, which method 
been practiced i 
with the Persian 
Christ the mice ra 
vere used extensiv 


prognostication, and 


a good sign which p1 
perit) He recour 
observation of sootl 


and ‘‘numbers of tl 
liver and bowels wax 
moon.’’ 

The healing qua 


early exploited by the 


and the 


devout ( fte 


+ 
Ap sed 
} © ‘ 
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Pliny records that 


ite ones bred, it is 


ts coming pros 
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APOLLO SMINTHEUS APPEARS UPON 
COINS OF ALEXANDRIA TROAS (A 
AND TENEDOS (B). THE LATTER 


SHOWS A SACRED MOUSE 
mice into their homes in time of sick- 
ness. The mere presence of a sacred 


mouse in the sick room effected a cur 


A story goes that if the curative mouse 
returned to 


were not the temple, lt 


would find its way back of its own ae 
Galen prescribed equal parts of 
eall, blood 


milk dried and powdered as a cure for 
Pliny said that a 


cord. 


cock’s and woman’s 


mouse 
cataract. poultice 
made from a freshly killed mouse was 
an excellent snake bites. 
The 
the treatment of baldness. 


of Medicine,’’ 
far south of the Troad at Cos, 


remedy for 
Romans employed mouse dung in 
The ‘‘ Father 
Hippocrates, was born 
an island 
extolling the greater virtues of the ser- 
He 
the 


His scepticism is evident. 
that he did 
trouble of testing the virtue of mouse 
blood for warts, prescribed by his col- 


pent. 


not even go to 


Savs 


had a magic stone 
which had already 


proved to be an efficient remedy. 


leagues, because he 


with lumps upon it 

Murine formulae, probably of Greek 
origin, appear from time to time in the 
St. Hilde- 
mice are 


writings of the middle ages. 


gard of Bingen recounts that 


a cure for epilepsy. The manuscript 
known as Picatrix endorses fumigation 
against disease with a smudge prepared 
from 14 and 24 Peter of 
Albano employs mouse dung as a cure 
As a present-day hang- 


bats mice. 
for poisons. 
over of medieval black art may be cited 
the oceasional feeding of stewed mice to 


and New York 
This eure 18 p 


P] armacope ela 


children in Boston 
prevent bed wetting. 


scribed in London 


1667. Peasants of Switzerland ree 
mend that a stewed mouse be eat 
every two weeks in order to previ 


impr 


is evident in tl | 


toothache. The persistent local 
of the Sminthian eult 
eall 


the Trojan region of 


**pontil 


Ponti 


Greeks mice 


modern 
from 


and both Turks and Greeks alike pi 
pare ‘‘mouse oil’’ as a panacea 
human ailments. Nearly all variat 
of the formula agree that about 10 n 


must be dropped into a lit 
allowed 


born mice 


of olive oil and to dissolv 


fortnight in the sunshine with oceasio1 
At Keyekli, 
10 miles from the 
Troy, the Turks add as necessary ing) 
the flowers of 


posites (Arte mista arbore SCenS L ( 


Lol: . rn 
shaking. opposite lens 


and about mound 


dients two small cor 
The white on: 
potent. On t! 
} 


yellow and one white. 
said to be 
Island of Chios only one f 


' 
the more 


wer 18S US 


In Constantinople no flowers are nec 
sary. A Cretan informed me that 
some parts of his land the young of 
albino mouse are much superior to 1 
common gray variety, while a m 
heretical Cretan confided secretly | 
eandid opinion that old olive oil lacki 


the mice and herbs was almost as eff 
tive. 

Pontus al 
Arist 
while ot] 


The sacred white mice of 
mentioned in the writings of 
Strabo, Aelian and Suida, 
writers such as Pliny, Hesychius, Albe1 
tus, Apostolius, Gesner, Johnson, Pall! 
and Darwin speak of the albino variet 
in general. 
eult of tl 
mouse god that centers of worship wei 
located at Chryse, Killa, and Tened 
Alexandria, Hamaxitos, Larissaia, P 
rion, Arisba, Methymna and Magnesia 

With the mouse cult at the height « 
its popularity in the spheres of prophe 
and therapeutics the loquacious St. Pau 
his missionary journe) 


So strong became the 


set out 


upon 
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through Asia Minor vehemently di 
nouncing local religious practices wher- 


ever he went In ord r to avoid diffi 
ulties. the Holy Ghost wisely suffered 


m not to go into Bithynia nor to 
+h in Asia (Pontus), two regions ria 
. 


where men worshipped the ancient At 


mouse god. Twice he sailed in silence A 

past the famous mouse temples on tl  . 
mainland and those upon the islands of Pt 
Mitylene and Tenedos. But upon his ; ms 
return from Athens, however, St. Paul : ; 
was so pent up that he could stand it 3. Bs Se 

; Stee J ha Ae! 

o longer and indulged himself by deliv- , oN 
ering an all-night sermon at Alexandria * 
Troas against the Holy Ghost’s orders . 
Then, perchance, to avoid Apollo’s irate 
priests at the wharf from which his boat PHI . poe { FO 
was scheduled to sail in the morning, he seetins i . on 
retreated over a back-road to the town . ” 
of Assos (Beiram), where he had pre- 
viously arranged that his comrades on 
the boat should pick him up Minor are s] S 

The mouse god was so deeply rooted as are the Christian fathers (and 


in the Troad that it may not have been appear to be). then ’ may say d 
Christianity at all but rather Moham- nitely that Apollo’s mice were 


medanism that yverthrew Ap llo Smin- of the spe S ; ) lus 


theus as a local god and wrecked the our laborato mi pl 
last of his shrines at the time of the scended from the temples < Ap 


Turkish conquest. By this time white It is quite clear that the mice us 
mice had appeared in the monastic writ- medicinal formulae during the n 
ings of Europe. ages and to-day are t commol 


7 


But are we to conclude that the active mouse. Yet from 1 evidel it is ll 
creature upon my desk is really a descen- possible to conclude that the sacred 
dant of Apollo’s sacred mice of the Sminthian cult were of t sam 

We can not be sure of the sources of species. How are know but 
information drawn upon by Pliny, the mice of Apollo. dm 
Allianus, Suida or Albertus. Aristotle A; nus or Mics , or the rat R 
was of Ionian stock and doubtlessly vis- alexan $s or ey s § 
ited nearby Pontus. Strabo definitely Spalax? Indeed, this latter creatw 
inspected a Sminthian temple, perhaps has a pal t and is k: 
at Alexandria Troas. Apostolius was Turks as ‘‘ Beyaz fare,’’ the white mous 
born in Constantinople and _ probably Although we may at firs ught 
traveled in the Troad. The later his- _ sociate ‘Be fare’’ wit the W 
torians appear to be writing of white mice having their nest under Ay 
mice raised in cages in the monasteries altar, anatomic: nd behavioristic co 
of Europe. From these latter stocks we  siderat sru ut Spalax. The templ 
have doubtlessly obtained the albinos of mice appeared in both th 
the mouse fancy and the scientific lab- whit rn Spalax of this region is 
oratory. If the early writers of Asia always pale. The sacred mice depicted 
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upon coins are long tailed, whereas the islands and never vice versa, 01 
Spalaz is short tailed. Besides, Spalax would expect the white-bellied form 

could never be tamed. Gesner says: be gradually encroaching upon the ter 
*‘sicut Aeschylus in Sisypho testatur ritory of the European form. Th 


eum ait: Sed agrestis quis est Smin- 
] 


theus.’’ In spite of this statement, the 
crop destroyer of the Troad, Microtus, 
is excluded on account of its rudimen- 
tary tail. 

This leaves Apodemus sylvaticus, Rat- 
tus alerandrinus and Mus musculus. It 
is true that all 
could be tamed as were the sacred mice. 
The fact that one finds no Rattus alex- 
andrinus in the Troad to-day proves 
nothing, because Rattus rattus and Rat- 
turn 
replaced it in this region since classical 


three of these animals 


tus norvegicus may have both in 


times. The strongest evidence against it 
is the fact that it is not easily domesti- 
Although Apodemus sylvaticus 
tamed with than 
Rattus alexandrinus, Mus musculus more 
commonly associates itself with men and 
is much adaptable to human 
haunts. I caught in a wheat field near 
Soma (Asia Minor) a female specimen 


cated. 


may be greater ease 


more 


of Mus musculus gentilis which was so 
tame that it would eat within an inch 
of my hand two days after its capture. 

In the summer of 1930 I visited the 
There I trapped in 
the town, the old fort, two windmills 
and a peasant’s mud hut. At Tenedos 
there were collected about 40 specimens, 
all Mus musculus! I took five mice on 
the adjacent mainland of Keykeli (be- 
tween Troy and Alexandria Troas), all 
Mus musculus! At Kalloni (Mitylene) 
near ancient Arisba were procured eight 
specimens, Mus 
From such samples of the mouse popu- 
lation it is evident that musculus is the 
predominating mouse of the region. If 
we wish to make sub-varietal distine- 
tions, these were all of the gray-bellied 
European form, and only far inland 
from Smyrna did I encounter the light- 
bellied gentilis sub-variety. As grain 


island of Tenedos. 


again all musculus. 


has always moved from the mainland to 


gray-bellied Mus musculus has probab! 
inhabited this region ever since Tro} 
times. Curiously enough, the albinos « 
the scientific laboratory were original] 
of the gray-bellied European stock, 
proven by their conformation and bre: 
ing. 

According to upon f 
persistence of Mendelian recessive « 


calculations 
acters in strains mating at random, it 
almost impossible to eliminate such 
character as albinism from a wild st 
once it has become firmly establish: 
We may be certain that Apollo’s sacre 
mice, when turned loose in devout hom 
upon their missions of mercy, conta 
nated stocks of their own species in t! 
neighborhood of the temple. Thus, al 
expected to 
among the mice of the locality in spite « 


binism would be persist 
later selection by such enemies as wease! 
and owls, barring general catastroplh« 
because gray mice may carry latently t 
hereditary factor for albinism. Su 
grays carrying albinism always thro 
offspring in the ratio of three gr 
one albino when mated to other sue 
riers. This means that perhaps an occa 


Lys 1 
} 
h 


car 


sional albino might still be found near 


the site of Apollo’s temple to-day. It 
should identify for us the species of 
Apollo’s mice. It was not my fortune 
to capture a white mouse, nor did I in- 
quire concerning them, lest the inhabi 
tants, eager to please, should invent 
tales for me. 

One evening I sat before a coffee hous: 
on Tenedos but a stone’s throw from th¢ 
site of the first mouse temple. Half a 
dozen Greeks and Turks had been chat- 
ting with me over the hot cups. During 
a lull in the conversation I looked out 
over the blue sea to the visible mainland 
where I could view the shore of Troy to 
the left and that of Alexandria Troas 
to the right, and I dreamed concerning 
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1 


land. My imagination jumped from t 


sojourn of Menelaus on Tenedos across writ 


t 
Alexandria, where I had recently seen the 


¢ 


the curious foundation of a palace ora Mus 


temple. Breaking the silence and start- daz 
ling me, an old wine merchant in the des 
eroup said off-hand that in the summer eve! 


the prosperous days of that now barren 8,50 


to the fall of Trov and thence down to Smin 


of 1929 a white mouse with pink eyes glorion 


appeared in his house 
food for it until it became fairly tame and 


but never tame enough to be 


This mouse could have been none other in ft! 


than Mus musculus from his description. 
Thus it is probable that Apollo’s 
sacred white mice on Tenedos have trans 


mitted albinism for about 2,200 years or » f 
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BIOLOGY 





IN SHAKESPEARE 


By Professor D. F. FRASER-HARRIS 


M.D., D.Se., B.Sc. 


THE term 
purpose is 


‘biology’’ for our present 


used in a very wide sense, 


tor by biology we understand all those 
sciences which have anything whatever 
to do with life. 

But 
logue of all the plants and animals re- 


we shall not enter upon a cata- 


Shakespeare, interesting 
that 
ade in competent hand > shall we 
made in competent hands, nor snall we 


ferred to by 


undoubtedly as study might be 
discourse on the various diseases alluded 
to the 
dramatist. 


Let us, rather, consider a few allusions 


by our and world’s greatest 


to such subjects as have, in our present- 
day understanding of them, some dlis- 
tinctly physiological or psychological 
interest. 

We might begin with sleep, of which 
it is certain that in Shakespeare’s time 
there was no physiological theory. 

While all physiologists are not even 
now agreed on what exactly it is that 
induces that state of the nervous system 
and of the mind which we eall ‘‘sleep,’’ 
yet there is considerable unanimity about 
the chief cooperating causal factors. 

We recognize that the accumulation 
of certain chemical 
we may call *‘‘ 
lating in the blood, coupled with a dimi- 
nution of the circulation 
through the brain, along with the ab- 
sence of sensations and of the more 
strictly intellectual activities, predis- 
There are, therefore, at 


substances, which 


fatigue-poisons,’’ circu- 


vigor of the 


poses to sleep. 
least four participating factors which 
we may call the chemical, the vascular, 
the sensory and the ideational, respec- 
tively. 

And, the of 
fatigue, too much blood in the brain, the 
and of mental 


conversely, absence 


of sensations 


presence 


LONDON ), F.R.S.E. 


preoccupations are responsible 

corresponding insomnias. 
Shakespeare has noticed at least 1 

of these factors in the familiar addr: 


to ‘‘Sleep’’ by the king in ‘‘ Henry IV 


(Part II, Aet iii, Se. 1 

How many thousands of m res ib je 

Are at this hour asleep! O sleep, O g 
sleep, 

Nature’s soft nurse how have I fright 
thee 


That thou no more wilt weigh my eyelids do 


And steep my senses in forgetfulness 

Why rathe ce sleep, liest thou in sm yk y er bs 
Upon uneasy pallets, stretching the 

And hush’d with buzzing night-flies to 


slumber, 


Than in the perfumed chambers of the gre 


Under the canopies of costiv state, 
And lu!l’d with sounds of sweetest melody? 
Wilt thou upon the high and giddy mast 


Seal up the ship-boy’s eyes and rock his brain 
In eradle of the 


Canst thou, 


perilous su 


rude im] 


O partial sleep! give 


To the wet sea-boy in an hour so rude, 
And in the calmest and most stillest night, 
With all appliances and means to boot, 


Deny it to a kir Then, happy low, 


ig 7 
down! 

Uneasy lies the head that wears a crown. 

In this famous soliloquy Shakespear 

the of the king 

brought on by the mental factor—t] 

with the sound sleep of 


. , 
especially 


contrasts insomnia 
eares of state 
his fatigued 
with the chemically induced slumbers of 
the tired-out The sleep ol 
the latter is of that type which even the 
storm can not disturb, and which is not 


subjects, and 


**sea-boy.’’ 


accompanied by the usual loss of tone « 
the muscles, for he does not lose his bal- 
ance or fall from the rigging. 

This maintenance of the posture is in 
contrast with the loss of muscular tone 
in drunkenness, for, says Hastings, in 


**Richard III’’ (iii, 4)— 








re 





BIOLOGY IN SHAKESPEARE 


Int the fat 


It is well known that in certain cases 


very deepest type of fatigue-induced 


sleep is compatible W1tl the maint 
ince of the posture and equilibrium, as 
hen in the ‘‘good old days’’ postilions 


} 


el asleep on horse! 


back and did not r 


} 


when to-day cross channel swimmers 


found swimming asleep, when per 
thoroughly exhausted hav 1 
miles in thei sleep nd vhen 
Ss tries havi sli ptw out Talil I 
[The same idea of « mically duced 
sleep is given us in Cymbeln Act 
se. 6 ‘‘weariness can snore upon tl 
flint when resty Sloth finds the down 


llow hard.’’ And this is echoed by 


The mental factor in sleeplessness 1s 


ll deseribed in ‘‘Romeo and Juliet 
>) 
1.3 
( Keeps his I 
\ 1 Vv re care oages, 8 


humor that presses him from sleep,”’ 
vhich oceurs in ‘‘A Winter’s Tale’’ 
ll, 3), is probably an allusion to wha 
in modern language we should eall a 
toxic source of insomnia. |] 


it refers to the very old view of the four 


humors’’ which from the time of Hip- 
pocrates were assumed to be the sources 
of disease—blood, phlegm, yellow bile 
and black bile. 

Sleep, as every one knows, is the great 
restorer of energy to the nervous sys- 
‘plessness 1S 
lack of food. 


A sleepless animal at the end of three to 


tem; for prolonged sle 
much more damaging than 


four days is as miserable as a starved 
one at the end of ten to fifteen 

This aspect of things is well deseribed 
in ‘‘Macbeth’’ (ii, 2 


Macbeth does murder sleep! the innocent sleep, 


Sleep that knits up the ravell’d sleave of care, 
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Any references that Shakespeare 
makes to the vascular system—to the 
heart, arteries, veins and blood—must 


be peculiarly interesting to us, seeing 
that our great poet was a contemporary 
of that other Englishman, 
Dr. William Harvey, the discoverer of 
the blood. Shakes- 


peare died one week after Harvey gave 


illustrious 
circulation of the 


his first publie lecture as Lumleian Lec- 
turer at the College of 
April 16, 1616. 
Shakespeare was fourteen years older 
than Harvey, for he 1564 
and Harvey in 1578, so that as Harvey 
died in 1657 they were contemporaries 


Physicians on 


was born in 


for 38 years. 

But there is not likelihood of 
their having met, for Harvey was a stu- 
dent of medicine at Padua from 1598 to 
1602, during the very time when 
Shakespeare in England the 
height of his activity. 

Some uncritical writers have assumed 
that because Shakespeare and Harvey 
were contemporary, Shakespeare must 
have known of the new views of the cir- 
culation of the blood which were dis- 
turbing the anatomists and the medical 
schools of Europe. But even if the two 
great men ever met, the young physician 
was not in the least likely to discuss with 
his senior, the actor, a quite revolution- 
ary view of a matter of pure physiology. 

Harvey did not publish his discovery 
until 1628, twelve years after Shakes- 


much 


was at 


peare was in his grave. 

Some critics have thoughtlessly sug- 
gested that Shakespeare might have 
learned of the Harveian doctrines from 
his son-in-law, Dr. Hall, of Stratford-on- 
Avon; but Shakespeare’s daughter mar- 
ried Dr. Hall as early as 1607, twenty- 
one years before the celebrated ‘‘De 
Motu’’ saw the light at Frankfort-on- 
the-Main. We have no reason to sup- 


pose that worthy Dr. Hall was endowed 
with any transcendental intuitions re- 
garding matters vascular. 


From these considerations we s] 
not expect Shakespeare to have b 
acquainted with the true knowl 
the circulation; and as a matter of 
there is not one word in all his writi 
to suggest that he did know of it. 

In this respect at least he is not 
yond his age; on the contrary, he refl 
it. His vascular physiology is entir 
pre-Harveian, in other 
Galenical; it is in accord with the vi 


words, it 
taught in the medieal schools of Eur 
for 1,400 years, the views of Claudiu 
Galen, that great dictator in all matt: 
physiological. 

Galen, although resident in Ron 
physician first to the Emperor Marcu 
Aurelius and later to Commodus, a1 
surgeon to the school of gladiators, w 
of Greek descent. He was born in t! 
Greek colony of Pergamos in Asia Mi 
about 130 A. D. 

Many of his views, as we might sup 
pose, were based on the still older ones 
of Hippocrates, of Aristotle and of th: 
anatomists of the famous school of med 
cine at Alexandria at its zenith, about 
300 B. C. 

At least the names of these two gre 
masters in medicine were known t 
Shakespeare, for he makes Sir Hug! 
Evans in the ‘‘Merry Wives’’ say of Dr 
Caius (iii, 1)—‘‘He has no more know! 
edge in Hibbocrates and Galen—and lh: 
is a knave besides.’’ Galen is mentioned 
again along with Hippocrates, in th 
play. ‘‘What says my Hip 
pocrates? My Galen?’’ And one 
more in ‘‘Coriolanus’’ we have th: 
phrase—‘‘The most sovereign prescrip- 
tion in Galen’’ (ii, 1). Lastly Galen is 
mentioned along with Paracelsus in 
‘*All’s Well’’ (ii, 3) Parolles 
refers to ‘‘Galen and Paracelsus’’ as 
“all the learned and authentic fellows.’’ 

This is interesting in that Paracelsus 
had died only twenty-three years before 
the date of Shakespeare’s birth. 

Before Galen’s time it was believed 


Same 


where 
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that blood was found in the veins only, 
that in them it traveled both up and 
down for the nourishment of the body; 
and. since the large arteries after death 
are found to be empty, it was taught 
that these vessels in life contained not 
blood but only ‘‘vital spirits.”’ 

Galen, by tying a living artery in tw 
places and cutting out the ligated piece, 
showed at once that during life arteries 
did contain blood. 

To appreciate the pre-Harveian physi- 
ology we must understand the Galenical 
doctrine of spirits, which very briefly 
was: The food, digested in the intestines, 
was absorbed thence and carried to the 
liver, where after elaboration it became 
possessed of ‘‘natural spirits.’’ Still as 
erude blood it passed to the right side 
of the heart, whence it went up and 
down the veins in the manner of a tide. 
In modern language, ‘‘natural spirits’’ 


were the equivalent of ‘‘power of nour- 


ishing.’’ Some of this crude or venous 
blood was supposed to percolate through 
the septum dividing the right from the 
left side of the heart. There are, in 
reality, no pores, but they were not de- 
nied until by Vesalius in 1543, and 
experimentally disproved later by 
Harvey. 

The blood on the left side of the heart 
was then supposed to Le mixed with air 
drawn into it by the act of breathing. 

This air cooled ‘‘the innate heat of the 
heart,’’ and engendered in the now scar- 
let blood the ‘‘vital spirits’’ which 
(earried in the bright blood reaching 
the tissues by the arteries) conferred on 
these tissues their capacities for per- 
forming their functions. 

Finally, said Galen, blood plus vital 
spirits on reaching the brain produced 
there the third and last order of spirits, 
“*the animal,’’ the distillation of which 
was supposed to go on in the cavities or 
ventricles of the brain. 

In this sense the brain was a retort 
or still, where animal spirits were dis- 


ed; and it n 
that Shakespear 
beek’’ or ! 
chemical, n \ 
retort or still 

Lady Maeb . 

om his 

Wi l w \ 

TI : 

SI be a f 

A be 
as much as S 
tion will convert 
which can not ] rn 
tion of distilling : 

Cornelius, th a > 
speaking f the SOl I 
queen is workin s 
There is no d r 
More than the ng 
To be more fres ‘ 

The word i] used 
the third order « S it, d S 
belonging to a beast; it means 
ing to the soul’’ or anima 
equivalent of the Greek psyel 
life the full Latin express 


sé 


spirits,”’ 


speech, 


spiritus 


which survive 


animalis.’’ These 


were 


4 


impulses are to us—the impu 


ascend an 


7 


] 


sensory and m 


tively. 


A 


ro 


} 
‘ 
contained 


il 


l 


Agrippa, the 


be 


makes ‘‘the 
True it is, my 
That I re r 
Which you dé 
Because I am 
Of the whole be 
I send thr 
Even to the e 
brair 
And through t 
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The strongest nerves and small inferior veins 


From me that natural « ympetency 


W he reby the y live. 


recelve 


The this well-known 
passage is indeed Galenical, but not all 
of it is the 


receive the food upon which ultimately 


physiology of 


erroneous: abdomen does 


the whole body subsists; it 1s sent by the 


of blood to the heart, 


currents—rivers 
and some of it reaches the brain. But 
the very phrase, ‘*rivers of your blood.’’ 


precludes the idea of a circulation, a 
returning of the same blood. Galen 
taught an up and down or tide-like 


flow ; Harvey a flow in one direction and 


a continual returning—they are totally 
different things. 

In the following passage from ‘‘Cori- 
olanus’’ (v, 1) we have again very much 


the same ideas regarding the functions 


of the veins: 


The veins unfill’d, our blood is cold, and then 

We pout upon the morning, are unapt 

To give or to forgive; but when we have 
stuffed 


These pipes and these conveyances of our blood 
With 


Than in 


wine and feeding, we have suppler souls 


our priest-like fasts. 

Shakespeare certainly recognizes the 
preéminence of the heart and its suscep- 
tibility to be disturbed by emotional 
states, as Macbeth 
exclaim: 


when he makes 


Whose horrid image doth unfix my hair, 
And seated heart knock at my 
Vacbe th, ] 


make my ribs. 


It is an emotional, reflex, pilo-motor 
effect, and an emotional, reflex cardio- 
acceleration respectively that are here 
being described in picturesque but not 
inaccurate language. 

The passage in ‘‘Julius Caesar’’ 


(21, 1) 


in which Brutus declares 


You are my true and honourable wife, 
As dear to me, as are the ruddy drops 
That visit my sad heart. 


has actually been taken to prove that 
Shakespeare not only knew of the circu- 


but 
dise¢ very. 


lation anticipated Harvey in hi 

Now this is really carrying things t 
far; we may charitably excuse it as ex 
eess of hero-worship, but it is perilous!: 
near to childishness. 

It is true that Shakespeare assigns 
the heart a preéminence beyond what it 
the 


was accorded in Galenical physi 


ogy ; the notion indeed is ever befor 
him, as when he says: 
O England, model te thy inward greatness 
Like little body with a mighty heart. 


Henry V, Chorus before Act 


He has no doubt whatever that in faint 
ing it is the heart that is at fault, and 
that bad news in particular can be a 
for in ‘ as (a, 3 


Richard 


Elizabeth says: 


cause, 
Queen 


Ah, cut my lace asunder, 


That my pent heart may have some scope t 
beat, 

Or else I swoon with this dead killing news 
jut another type of fainting, that 

due to the sight of blood, was quite 


(Ag 


Swoon 


familiar to him, for we have in 


You Like It’’ 


when they do look on blood.’’ 


(iv, 3), ‘‘Many 
Present 
day physiology calls it an inhibitory, 
sensori-vascular reflex action. 

Shakespeare knew perfectly well that 
fresh air is necessary to revive the faint 
ing person, for we are told (Henry IV, 
Part II, iv, 4), ‘‘Stand from him, give 
him air, he’ll straight be well,’’ another 
sensori-vascular reflex; but not 
infer this that Shakes- 
peare had taken out a course of lectur: 
and demonstrations in ‘‘first aid’’; no, 
not even although he says in ‘‘ Measure 
for Measure’’ (ii, 4) 


we do 


therefore from 


the foolish with one that 


swoons;: 


So play throngs 


Come all to help him, and so stop the air 


By which he should revive. 


Just as in our everyday parlance the 


veins come in for more attention than 
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the arteries, so too In the plays the velns ieast one prop 


are more frequently referred to. The odor—know: 
blueness of the veins is noticed in ‘ 


i 
tonv and Cleopatra’”’ my blu ST vel rel Ss 
VE ins’’ il, dD). eastle, Lad Ma 
But there is at least one definite allu- _ sleep, is sl { ' 


sion to the arteries in 


Lost iv, 3) where Biron speaks of and saying (M 
‘the nimble spirits in the arteries.’’ the sm 
This is clearly a reference to the vital fumes of <A 

arterial) spirits of the Galenical physi little hand.”’ S 
ology: but we are almost compelled to would have t 
think that Shakespeare regarded the had so much b 
arteries as devoid of blood, which was Related bot! 
the pre-Galenical view the nervous s 

As a matter of fact Shakespeare’s hol; and n that §S 
physiology of arteries is a little con- about this has ! ! 
fused, for he makes Hamlet say (Ham for instance n 1 
let, 1, 4): Henry IV (II 

My fate cries out a = = 


And makes each petty artery in this body tal by the UK 
As hardy as the Nemean lion’s nerve. 


The expression in King John (iii, 3 

‘*blood runs tickling up and down 
the veins,’’ is in perfect agreement with ¢owardice: 1 
pre-Harveian teaching. Even if the makes 
word here should, more appropriately, a 
be ‘‘trickling,’’ it would not alter the 
sense. ' 

Shakespeare associates life with the ers and 
blood in the veins, as when we read in 


“King John’’ (iii, 3), ‘‘Whiles warm 


life plays in that infant’s veins,’’ which — paar eg 
‘ : aiconol, in ( 
is clearly an allusion to the very old ton ; ‘ 
. ° . _ . a . onie or Stim ? 0 
Biblical and Hippocrat belief that ;, Rae ng ee 
It Causes 1 oa \ { 

‘*the blood is the lif Doubtless it Lhe inte ¢ 

te ' uy oO the peripheral vessels, inclu 
was through watching the sacrificial ani- ‘tees af tha fan a eS aaa 
mal die, as its blood ebbed away, that ‘ ; 
gave rise to this ancient and very nat- ,, a 


ural belief. In the same strain we have a aft tik ame W 


pres 

in ‘‘King John’’ (v, 7), ‘‘The life of all te ' ‘ nite 

his blood is touched eorruptibly.’’ " value « ' l as a 
There is a passage in ‘‘Hamlet’’ (1,5) = gtimnlant is broueht out when the « 

which may refer to the veins and even Antony exclaims 

to the valves in them, where Hamlet, 

speaking of the poison, says, ‘‘it courses ' 

through the natural gates and alleys of 

the body.’’ The notion that the relatively | 


Shakespeare was acquainted with at less liver would be pale is not ent 








60 
fantastic. That gland if washed 
free of blood does have a pale, grayish 
hue; and if therefore a blood-filled liver 
is the physical basis of courage, there is 


creat 


nothing absurd in the idea that a blood- 
less and therefore pale liver would be 
related to cowardice. 

Lear’’ (iv, 2 
‘milk-livered man.’”’ 


In ‘‘Kineg we have 


Goneril exclaiming, ‘ 
The same sort of idea occurs in ‘‘ Meas- 
ure for Measure’’ (iv, 3), where Lucio 
says, ‘‘O pretty Isabella; I am pale at 
mine heart to thine red.’’ 

We should compare this with Lady 
‘*‘l shame to wear a 
heart so white’’ (Macbeth, ii, 2) and 
with Gratiano’s (‘‘Merchant of Venice,’’ 
e 2e3 


see eyes sO 


Maebeth’s words 


And let liver rather heat with wine 


Than my heart cool with mortifying groans. 


my 


Shapespeare is in no doubt that it is 
on the brain that alcohol ultimately acts, 


for he makes Cassio refuse lago’s offer 
of a stoop of wine in these words: 
Not tonight, good Iago; I have very poor 


and unhappy brains for drinking; I could well 
wish courtesy would invent some other custom 


> 


of entertainment.—Othello, ii, 3. 


And again; ‘‘O that men should put 
an enemy into their mouths to steal 
away their brains’’ (Ibid); and once 
again when Falstaff tells us (Henry IV, 
Part II, iv, 3): 


A good sherris-sack hath a two-fold opera- 
tion in it. It ascends me into the brain; 
drives me there all the foolish and dull and 


erudy vapors which environ it. 


In the ‘‘ Twelfth Night’’ we have the 
three stages of drunkenness described 
by the clown: Olivia asks, ‘‘What’s a 
man like, fool?’’ Clown: 
drowned man, a fool and a 
makes 
and a 


drunken 
‘*Like a 


madman ; one draught above heat 
him a fool, the second mads him, 
third drowns him.’’ 

It is literally true that death 
eoholic poisoning occurs through paraly- 
sis of the respiratory center with the 


in al- 
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symptoms, therefore, of asphyxia 
from drowning. 

The physiology of digestion and of t} 
allied subject of starvation is referr 
to with marvelous insight. 
Gaunt **Richard II’’ (i, 3 
‘*Things sweet to taste prove in diges 

it is literally true, whether 


says in 


tion sour,’’ 
“sweet - to 


sugar 


we confine the word va 
or allow it to refer to the two other pri: 
cipal food-stuffs. 
The sugars before being finally ine 
porated into the tissues, it is thought, g 
the lactic acid; an 
milk-sugar in particular is fermenté 
into that acid with the greatest ease. 
It is also a fact of biological chemis 
try that the chief food-stuffs, the pro 
teins, undergo hydrational changes wit! 


through stage of 


the formation of amino-acids, and it 
these that further tl 
neutral fats, before they are digested 


are absorbed; 
are split up into glycerine and the cor 
responding fatty acids, the latter being 
distinctly sour products. 

The baneful effect upon digestion of 
emotions sorrow. 
perfectly 
Shakespeare, for he makes the Abbess in 
the ‘‘Comedy of 
‘*Unquiet meals make ill digestion.’’ 

The unraveling of the complete ner 


unpleasant 
ete.—was 


-worry, 
well 


known 


Errors’’ say (v, 1 


vous mechanism by which the digestive 
influenced by 
ill, has been fully 


recent 


function is emotiona 
states for good or 
out 


years by the great Russian physiologist, 


worked only within quite 

Pavlov. 
Pavlov 

and refining conditions 


+ 


that all 
music, flowers 


has shown pleasan 
change of clothes, fine linen, silver, cu 
glass, ete.—tend to produce that state of 
good digestion and appetite learnedly 
ealled Eupepsia. This is the 
thing Shakespeare meant when he said 
‘“‘The sauce to meat is 
(‘‘Maebeth,’’ iii, 4); and in a 
two later, 


sort ol 


ceremony’ 


line or 


Now good digestion wait on appetite, 
And health on both. 








—— 
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One other example of a _ pleasant 
motion promoting a tonic effect for the 
whole body is in ** King Richard 0 i 


vy. 2), where Richmond exclaims: 


rue hope is swift and flies with swallow’s 
wings 

Ling t makes gz" ls, and mean r res 
ngs 


This state of mental exhilaration is 
referred to in ‘‘Henry IV’’ (Part II, 
iv, 4), when Prince Henry says: ‘‘If he 
be sick with joy, he will recover without 
ohysic.” 

No less full of insight is the deserip- 
tion of the biology of starvation: ‘‘l 
sup upon myself, and so shall starve with 
feeding’’ (Coriolanus, iv, 2). 

What happens in inanition is that the 
heart and central nervous system are 


} 


and muscles of the 


living upon the fat 
body generally. These ‘‘two noble’’ 
tissues are literally subsisting upon all 
the others; and it is, therefore, biologi- 
cally correct to say that in starvation one 
feeds upon oneself, 

Shakespeare had grasped the biologi- 
eal significance of Life as something swt 
generis, something which if quenched 
ean never be revived. This was far from 
being the clear-cut belief in his day: life 
as something unique, whether in plant 
or animal, impossible of being derived 
from the non-living, was by no means 
the doctrine of the learned about 1600, 
nor for two hundred years afterwards. 
The belief in Abiogenesis, that is life 
arising from the non-living, was not 
finally given up until after the work of 
Pasteur and of Tyndall in the seven- 
ties of the last century. 

But in that most painful seene in that 
most painful of plays—‘Othello’’ (vy, 
2), Shakespeare makes the Moor, on 
entering the bed-chamber where Des- 
demona is asleep with a light beside her, 
thus soliloquize when he has determined 
to smother her: 

Yet she must die, else she’ll betray more men; 
Put out the light, and then—Put out the light! 


qu 
I n gai 
S 1 I r 
} y - 
I KI not ( 
i g 
T + l T 
[I can not g 


Here, it seems to 


expressing poet S 
ference between 

estation ¢ el 
non Ving 

Shakespeare seems to have b 
lectly aware o b 
cases of apparent 
the King in Kin L, 
I know vy I 
She’s dead as « 
If +1 } yr he itl r 
Wi! then she es 
And Lear uses tl ither te 
‘*This feather stirs li 

Shakespeare IS r 
creat value of r 1 ly} 
for we have the d r in the sa 
(Lear. iv, 4) assuring Cord 
**Our foster-nurse of 1 l S 
and the expressio1 ife-| 
rest’’ in the ‘‘Comedy of Err 
1) is in fullest accord with t 
cent demonstrations in biolog 
ism is the learned 1 to 
processes involved in rest 

With regard to drugs, althor 
beth is made to say ‘Throw p 
the dogs; I’ll non t 
Shakespeare evidently did t 
medicines, for Cymbeline 
medicine life may be pr 
death will seize the doctor too 
beline, Ve 5 

Apropos of drugs, we have in 


play (i, 6) two ref 


some quarters is called 


r 


rences 


they are both by Cornelius, 


cian, who, speaking « 


; 
i 


to 


+ 
\ 


’ the quer 


** Vivisect 


n, 
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Those she has 
Will stupify and dul sense awhile 
Which first perchance she’ll prove on cats and 
dogs. 
Then afterwards up higher 


And again in Act v, scene 5: 

The Queen, Sir, very often iportuned me to 
e - | 
tem! r 

Poisons for her : etending 

The satisfaction of her knowledge only 

In killing creatures vile, as cats and dogs 


Of no esteem. 


Falstaff’s death 


is so aceurate a 


In the description of 
(Henry V, ii, 3) there 
picture of the characteristies of impend- 
picking at the sheets or 


bloodless, fea- 


ing dissolution 


floecitatio: the pinched 


tures, facies Hippocratica, and the de- 
lirium at the close of life that we may 
be certain that Shakespeare had wit- 


nessed not one but several deathbeds. 


Sir John Falstaff is represented as 
dying in Mrs. Quickly’s house in East- 
cheap; and the account of the death of 
the fat knight is a remarkable piece of 
not without its dash of 


realism, yet 


humor, for it opens thus: 


Nay, 


bosom, if 


Arthur’s 


ur’s bosom. 


sure, he’s not in Hell; he’s in 


ever man went to Arth 


And the 
kindly but illiterate woman might have 


whole passage is exactly as a 


phrased it, 


fumble with the sheets, 


and play flowers and smile upon his 


fingers’ ends, I knew there was but one way ; 


and ’a 


for his nose was as sharp as a pen, 

babbled of green fields ‘*How, now, Sir 
John?’’ quoth I; ‘‘what man! be of good 
cheer.’’ So ’a eried out— ‘God, God, God’’ 


three or four times: now I to comfort him, bid 
him ’a should not think of God; I hoped there 
need to trouble himself with 
thoughts yet; so ’a bade me lay more clothes 
feet, I hand into the bed, and 
felt them, and they were as cold as any stone; 
then I felt the 


was as cold as any stone. 


was no any such 


on his put my 


knees and so upward, and alli 


Surgery is concerned with wounds, 


with preventing them becoming pois- 


oned, with the cicatrices left by them, 


and finally with the setting of bones that 
have been broken. 

First of all, Shakespeare seems to hay 
the surgeon’s custom of eco 


known of 


paring incisions to letters of the alp 


bet, for in ‘* Antony and Cleopatra 
iv, 7) we read: 
I had a wound here that was like a T, 
But now ’tis mad n H 


} . . 
Knew the qaomestie 


Of eourse he 
of cobweb in eausing blood to elot. fi 
Bottom (‘‘A Midsummer Night’ 


Dream,’’ ili, 1). ‘‘Good master cobwel 


if I eut my finger, I shall make bold wit 


Says 


you.’”’ 
A tourniquet is evidently alluded 
in ‘‘Othello’’ (v, 


a garter to bind Cassio’s leg just cut 


1 where lago ealls 


two, and then exclaims, ‘‘O for a e¢] 


easily henee!’’ wher 


him 


once more we get evidences of intellig 


to bear 


‘*first aid.”’ 

The sepsis or festering of wounds wa 
until Lister’s time, a perennial source « 
worry to the surgeon. In ‘‘ Richard IL’ 
v, 3) we read: 
This festered joint cut off, the r 
sound ; 

This let 


S l¢ 


] ll] «al + ‘ ma 
aione, Wlil ali the res contound, 


which as a surgical maxim could not | 
bettered to-day. 
Shakespeare evidently understood t 


infected, 


a wound could be and yet no 
visible from the surface, for 


**Hamlet’’ (iii, 4 


mischief be 
we have in 


It will but skin and film the ulcerous p 
Whilst rank corruption, min 
Infe 


ing all within, 


ts unseen, 


Shakespeare seems to have known 


about one variety of infection, in tl! 
sense that moulds or fungi are to blam: 
for it, for he says in ‘‘Hamlet’’ (ii, 4 

like a mildewed ear 


brother. 


Blasting his wholesome 


At the same time we must not infer 
that the great dramatist was beyond his 


time in the matter of supposing that life 
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that ould be engendered in decomposing the br 


bodies, for Hamlet Says (11, 2 Shakespeat 

lay If the sun } is maggots ; ; 

0 In a dead dog cite! tin! 

y} } of tl} } , 

ne? He understands that wounds must distributed amo) 
heal gradually, that what we eall the Even met : 
‘Vis medieatrix Naturae’’ has its own ‘nallv thoneht ¢ 
rate ot working, tor, Says lago Seat n the hy 

‘Othello,’’ 11, 3): tians and later At 
] ? rr «& 


Asa bland appli ation to a raw wound, 








r*t) ~ 7 Py ’ 
we have white-of-egg recommended in 
| = tury 1) | 
King Lear ll r whel i servant : 
n T re ) 
Says ; 
“s. tu + 
< } I fetch s l $ pil | ( 
l To apply to h I ling troy ‘ 
A wound having been healed, we eall _ tals of 
1 the sear ‘‘a cicatrix’’ and so did Shake dust 
nt speare, for Volumnia in ‘‘Coriolanus’’ 
ii. 1) savs of Mareius: 
‘ will 1 trices to al P 
( ns I n Van H 
W n he sha nd hie the ( { re ‘ 
stom - ( t 
It is a familiar experience that old early Gp 
wounds from time to time give some un- 4) 
comfortable sensations: it may be in yvinn. a ’ 
allusion to this that Marcius i benotl 
Di **Coriolanus,’’ i, 9) says: Aitetuh 
I have some wounds upon me, and they smart Although Ga 
To hear themselves remembered as the tru - 
‘) 4 . 
,) Finally, it is well known that when , ' 
' . > er?) ( } 
two portions of a broken bone are united 
. 1 ‘é ’ ’? reiatea 
} le SUPERCOMS Cdl Cal S, ant . 
by what surgeor | allu and ' , ' 
when this has become ossified, it is of a ,,, igs : ; 
. . > if i \ »\ 
consistence much denser and therefore 
i ‘a 
much stronger than either of the two 
n portions of the bone that has been frac oe 


i tured: hence Says the Archbishop of . 
York in ‘‘Henry IV’’ (Part II, iv, 1 


} If we do now make our atonement well, the s en’’ or 
Our peace will, like a broken bone united, ' . 
me in i 
Grow stronger for the rreakine 
TO tronger for breaking If , | } 
I 


r As might be expected, the most pene- in res] tort DI versus ¢ 
$ trating and remarkable pronouncements of the soul, Shakespeare foll 
of Shakespeare are those which refer to of Galen rather than A 














64 THE SCIENTIFIC MONTHLY 


makes Prince Henry in ‘‘King John’”’ 
say of the King: 


It is too late; the life of all his blood 

Is touched corruptibly, and his pure brain 

(Which some suppose the soul’s frail dwelling- 
place) 

Doth, by the idle 

Foretell the ending of mortality. 


comments that it makes, 


In other words, he will not dogmatize 
about the brain as the seat of the soul, 
but he lets us understand that he knows 
of some who do so regard it. The de- 
lirium of the dying is clearly referred 
to in the last two lines. 

Whatever Shakespeare did or did not 
believe about the the 
soul, he was in no doubt at all that what 
nowadays we hallucinations are 
very directly the products of disordered 


cerebral seat of 
eall 


states of the brain. 

The best known example of this is the 
dagger of the mind,’’ that elusive 
weapon which Macbeth saw but could 
not lay hold of (‘‘Macbeth,’’ ii, 1): 


ee 


Is this a dagger which I see before me? 

The handle towards my hand. Come! let me 
clutch thee: 

I have thee not and yet I see thee still, 

Art thou not, fatal vision, sensible to feeling 

As to sight? or art thou but 

A dagger of the mind, a false creation 

Proceeding from the heat-oppressed brain? 

I see thee yet in form as palpable 

As this which now I draw. 


We have everything here: the visual 
hallucination of the dagger—a dagger 
of the mind—and it is all traced to Mac- 
beth’s disordered brain. Even the ac- 
tual language can not be improved upon 
after 300 years: it is poetry scientifically 
justified. 

Undoubtedly a visual hallucination is 
referred to by the queen in ‘‘Hamlet’’ 
(iii, 4) as the ghost is disappearing: 

This is the very coinage of your brain, 

This bodiless creation ecstasy 

Is very cunning in. 


Possibly one of the most remarkable 
passages of biological import in all the 
plays is one in ‘‘Love’s Labour Lost”’ 


Hol 


fernes, speaks of ideas in these words: 


(iv, 2) where the schoolmaster, 


These are begot in the ventricle of mem 


nourished in the womb of pia mater, and 


livered upon the mellowing of occasion. 


the interesting things about 
statement is that it 
technical terms of anatomy—a ‘‘v 
tricle of the brain’’ and the ‘‘p 
mater,’’ the latter, the anatomists’ na 


for the soft, delicate membrane whic] 


One of 


this involves tv 


sé 


closely investing the gray matter of th 
hemispheres, conveys to it its nutrient 
blood-vessels. 

**The ventricle of 
phrase of the Arabian doctors of medi 
taught that the brain pos 
sessed three cavities or ventricles ir 
which resided the three mental 
ties as follow—sensations in the anterior 
imagination in the middle, and memory 
in the posterior one. Those views wer 
adopted by the doctors of theology in 
the Middle Ages. 

Against this particular belief Vesalius 
inveighed in his celebrated treatise, ‘‘ D: 
corporis humani fabrica,’’ published in 
1543. He wrote: ‘‘I wonder at what | 
read in the Scholastic theologians and 
the lay philosophers concerning the three 
ventricles with which they say the brain 
is supplied.’’ Modern anatomists de 
seribe five ventricles. 

Here Shakespeare adopts the termi- 
nology of the medieval writers ; although 
it is by no means easy to see how he 
came to have access to it—the man who, 
when he died, left not a book, not even 
a second-hand one, behind him. 

The phrase ‘‘nourished in the womb 
of pia mater’’ is, if anything, still more 
obscure; but this is not the only place 
in the plays where the membrane is 
mentioned. 

The clown in ‘‘Twelfth Night’’ (i, 5 


says: 


memory’’ was 


cine, who 


faeul 


5] 


Whose skull Jove cram with brains; for here 
he comes, 
One of thy kin has a most weak pia mater. 
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And onee more it is referred to in 
‘‘Troilus and Cressida’’ (ii, 1) where 
Thersites declares of Ajax, ‘*His pia 
mater is not worth the ninth part of a 
sparrow.’’ The pia mater does literally 
nourish the brain, and therefore, meta- 
phorieally, may be said to bring to de- 
velopment anything functionally related 
to the activity of the brain. 

Whether 
what the pia mater is can not now be 
determined, but assuming that ideas are 
‘“heeot’’ 
they are not), it would be permissible to 
regard them as nourished by the mem- 
brane that nourishes the organ of 
thought. The completion of the analogy 
between giving birth to a child and 
bringing forth a thought is thus made 


Shakespeare really knew 


in a cerebral ventricle (which 


possible. 
Apropos of 
nervous system, there is an exceedingly 
striking statement in ‘‘Antony and 
Cleopatra’’ (iv, 8), where Antony says, 


‘“Yet we have a brain that nourishes 
b J 


nourishment of the 


our nerves.’ 

We have only to translate this into 
modern physiology to perceive, what is 
literally true, that the cells of the brain 
are trophic for, that is, preside over the 
nourishment or vitality of the nerves. 
This is precisely what the brain does for 
the nerves; hence it has been called their 
“highest trophic realm.’’ But in this 
sense it is impossible that Shakespeare 
could have known the facts; not until 
the microscope revealed that every 
nerve-fiber proceeds from a nerve-cell, 
and that, severed from the cell, the fiber 
dies, could we know all that is implied 
in this line. 

It is, however, more probable that in 
this passage the poet is using the word 
**nerves’’ as meaning tendons in the 
original sense of nerves (neura). 

There is another equally remarkable 
utterance regarding the nervous system, 
where Hamlet says (iii, 4) : 

Sense, sure, you have, 
Else you could not have motion! 


The principle that sensory impres 


sions must precede motor in the edu 
tion of the nervous system is now-a-days 
regarded as of immense pract impor 
tance. The fact could not possibly 

been known to Shakespeare that thos 
tracts in the central nervous systen 
which subserve sensation are fu 

ally developed a consider tin 

fore those which subserve motion. We 
must regard this as one of those remat 
able intuitions into scientific truth of 


which, at times, the poet’ 


such excellent examples 

Apropos of the development of 
body, Shakespeare has not failed to noté 
the ‘‘breaking’’ of the voice coincident 
with puberty in the male. The passag 
is in the ‘‘Merechant of Venice’’ (iii, 4 
where Portia enumerates the various 
things she will do when she assumes the 
role of a young man; one of them is to 


speak between the change of man and | 
With a reed voice. 


Physiologically allied to this subject 
is the effect of castration on the voice: 
this, as is well known, prevents the male 
vocal cords lengthening, so that the 
voice remains boyish and high pitched 
Coriolanus (iii, 2 Says: 


My throat of war be turn’d 


. into a pipe 


has some particularly 


penetrating remarks under the heading 


Shakespeare 


of the biology of the senses 

With regard to vision, the first phe 
nomenon we might notice is that of the 
colored ‘‘after-image’’ (as it is techni 
eally called) associated with some de- 
eree of retinal fatigue. It is where 
Katherine in ‘‘The 
Shrew’’ (iv, 5) says: 


Taming of the 


Pardon, old father, my mistaking eyes, 
That have been so bedazzled with the sun, 


That everything I yn seemet! 


This experience must be familiar to 
many ; if the eyes are over-stimulated by 
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exceedingly bright sunshine and one 
goes suddenly indoors, everything takes 
on a rather ghastly, pale green color. 

The next example has to do with re- 
flections of light from the cornea. 

When you look closely into the eye of 
another person, you see a tiny image of 
yourself reflected from the convex mir- 
ror of the other eye; these images are 
as the ‘‘Purkinje- 
Sanson’’ images. They are clearly re- 
ferred to in ‘‘Troilus and Cressida’’ 
(ili, 3), where Achilles says: 


known in biology 


. eve to eye opposed, 
Salutes each other with each other’s form. 


One of the most interesting conditions 
related to the vision is the 
trance of Lady Maebeth. It is in the 
Same scene as that in which we found 
the reference to the smell of blood 
(v, 1). Lady Maebeth is being watched 
by the doctor and by a lady-in-waiting, 


, 


sense of 


who remarks that she is ‘‘fast asleep.’ 
You see her eyes 


se 


The doctor observes, 
are open,’’ to which the lady replies, 
‘Ay, but their sense is shut.’’ 

Now first of all this is not natural 
sleep, for in that condition the eyelids 
are always closed; it is a state allied to 
somnambulism. In this state, the cen- 
ters for vision in the brain are inhibited 
and functionless, so that although the 
eyes are open, the brain behind them is 
not perceiving anything, and therefore 
the individual is psychically blind. The 
state is akin to that of the mind-blind- 
ness induced in the hypnotic trance. 

The unpleasant sensation of giddiness 
is noticed several times in Shakespeare’s 
plays. 

‘‘Giddiness’’ is the name given to the 
subjective aspect of a disturbance in the 
sensory apparatus for the appreciation 
of one’s orientation in space; it is the 
perceptual aspect of impending or 


actual overthrow of the equilibrium. 
There are two varieties of giddiness 
or vertigo; one when the sufferer is un- 


able to maintain his balance and, fee 
faint, falls or tends to fall to the grou 
—a condition most usually the result 
a diminution of the blood supply to 1 
brain. 

Since the whole brain 
from 


cerebrum ; 
this 
the sensory centers for vision are r 
dered 
which the sight fails or, 


cerebellum—suffers anen 


functionless, in consequence 
as the pat 
puts it, ‘‘everything goes dark.’’ 

This is precisely what King Hen: 
complains of (Henry IV, Part II, iv, 4 
‘‘And now my sight fails, and my br: 
is giddy.’’ Let us note once again t! 
Shakespeare correctly attributes the « 
ability to the organ involved, the brair 
itself. 

A very common cause of interfere 
with the heart which produces anemia 
the brain is the reception of bad ney 
as when King John says (iv, 2), ‘‘T 


hast made me with these 


tidings.’ 
The other variety of 


. 


giddy 
’ 

viddiness is that 
known as ‘‘rotational vertigo,’’ the sort 
we experienced when, as children, \ 

spun round our vertical axis, sudden| 
stopped and were for a minute or tv 

exceedingly dizzy, and pel 
haps also slightly sick. 

In rotational giddiness external ol! 
jects seem to be moving round in th 
direction opposite to that towards which 
the person last turned. This apparent 
movement of external objects is exactly 
what is alluded to in ‘‘The Taming of 
the Shrew’’ (v, 2), ‘‘He that is giddy, 
thinks the world turns round.’’ And 
lastly we know that if we are giddy, we 
ean correct the giddiness and the illu- 
sory movement of the external world by 
turning round in the opposite direction. 

This is precisely what Shakespeare re- 
fers to when he makes Benvolio in 
**Romeo and Juliet’’ (i, 2) say: ‘‘Turn 
giddy, and be holp by backward turn- 


ing.’’ 


unsteady 


A 
. 
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One of the most obvious functions of 
the brain is the power of speech, so that 
various imperfections of speech denote 
disease in one or other region of the 
organ of the mind. 

Complete loss of speech is called 
aphasia; but, short of this, there is a 
functional disorder where words can 
still be spoken, 2.e., there is no paralysis, 
but in which they are all jumbled up so 
that they make no sense. The technical 
term for this is ‘‘paraphasia.’’ In ‘‘A 
Mid-summer Night’s Dream’’ (v, 1) we 
have a perfect description of para- 
phasia : 

His speech was like a tangled chain, 
Nothing impaired but all disordered. 


I doubt whether any neurologist to- 
day could put it more pithily. 

We may now close this study of biol- 
ogy in Shakespeare by considering a pas- 
sage which is surely one of the most 
striking we have yet examined. It oc- 
eurs in ‘‘Hamlet’’ (i, 5) that play, ac- 
cording to some critics, the profoundest 
of them all; it is where the ghost re- 
marks: 


The glow-worm shows the matin to be near, 
And ’gins to pale his uneffectual fire. 


Each of these two lines embodies a 
deep biological truth. First of all, why 
does the glow-worm show the matin to 
be near? 

Because the feeble light of the glow- 
worm, in common with all other lights, 
begins to appear paler as the dawning 
daylight increases in intensity. The 
relatively feeble light emitted by the 
glow-worm can be seen easily in the dark 
because the retina, being, as it is called, 
‘‘dark-adapted,’’ responds readily to 
very slight illumination; as Pericles (ii, 
3) says: 


like a glow-worm in the night 
The which hath fire in darkness, none in light. 


In a strong light we do not perceive 


feeble lights Vi d »ynot s S 
the daytn . 
t! I he n ( ; 
visible: in strong s , 
cult to per ve 1 ; 
many people fi? I 
I 
1S put ne the ft ou 
A Cali le au ~ | 
1 4 
scarcely adds any ing to the 
tion of a room in the daytime, as 1 


Shakespeare says: ‘‘ We waste our 


in vain, like lamps in day 


This is only an example of a part 
lar case of a principle of wide-spread oe 
currence in living matter; namely, that 
a tissue, for instance the retina, having 
been stimulated and being in a state ol 
activity, 1S Insensitive to or irresponsive 
to further stimulation, an incapa 
which has been ealled ‘‘funetional’’ or 
** physiological inertia.’’ If the ret 
is already stimulated by the daylight, it 
will not respond to (perceive) any much 
feebler light, such as that of a glow 


yvorm. 


Shakespeare, in fact, has said as mus 


in ‘‘Romeo and Juliet’’ (1, 2), ‘‘On 
fire burns out another’s burn 
But still more interesting is the use 


here of the word ‘‘uneffectual.’’ Why is 
the light of the glow-worm an uneffectual 
fire? Because it is light without heat; 
a light that can not set fire to anything 
is indeed uneffectual. The hght of a 
glow-worm is a perfectly cold light 
When we pick up a glow-worm, it does 
not burn our fingers in the least. It has 
lately been ascertained that the light 
emitted by this creature Lampy ris) 1s 


due to an oxidative process known as 


chemi-luminescence whereby chemical 
energy is transformed into light without 
having to pass through the intermediate 
stage of heat. Man has not yet contrived 
to produce light without heat. Nature 
did so long, long ago when the light of 
the first glow-worms and the fire-flies 
twinkled in the primeval forest, when 
the first Noctiluca blazed their trail in 
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the dark ocean, as the glistening wave 
struck the shore of that world millions 
of years ago. 

Light 
heat—is what man ardently desires to 
have, and day but 
up to now has not been able to produce. 

The of this light 
also shows it to be devoid of vibrations 
both towards the red the 
violet end: light such as without 
the violet or the ultra-violet 


without heat—without wasted 


may some aiseover, 


spectrum animal 


towards 
this 


and 
rays must 


be chemically inert, non-actinie and 
therefore once more ‘‘uneffectual.’’ We 
may well conclude with this splendid 
example of the amazing insight into liv- 


ing nature which our and the world’s 


greatest poet possessed. 
While one must deprecate anything 
like uncritical hero-worship, and while 


we should not yield to the not very u 
common temptation of reading into « 
tain 
quite impossible Shakespeare eould e' 


passages a meaning which it 
have intended, yet we shall not gre 
err if we admit that in the writings 
this extraordinary man we find a we: 
the 
things which is as extensive as it is pe 
trating and which 
alleled in the 
country. 


of observation in realm of liy 


is absolutely 


y 


unp 
literature of any oO 
The more we understand of what 


myriad-minded’’ Shakespeare has « 


served, the 


more we become lost 
astonishment at the universality of 


Well did Pope 


‘* Shakespeare seems to have known t 


genius. say of | 
world by intuition, and to have loo 


through Nature at one glance.’’ 

















THE MENTALITY OF PRIMATES 


By Professor LESLIE A. WHITE 


UNIVERSITY 


IN chapter three of ‘‘The Descent of 
Man,’’ Charles Darwin writes, ‘‘ My ob- 
ject in this chapter is to show that there 
is no fundamental difference between 
man and the higher mammals in their 
mental faculties.’’ Essentially the same 
position is taken to-day by prominent 
sociologists and social psychologists 
For example, Professor F. H. Hankins 
comparing apes with men in his ‘‘An 
Introduction to the Study of Society”’ 

New York, 1928 In spite of 


his large brain, it cannot be said that 


states, 


man has any mental traits that are pe- 
euliar to him. His superiority is one 
of degree, and particularly in the higher 
degree of abstract thought, constructive 
imagination, analysis and generalization 
which he possesses.’’ (p. 56). And, 
again (on p. 327): *‘ All of these human 
superiorities are merely re eli itive or dif- 
ferences of degree . ae 

The thesis of this paper is that, while 
there are many and impressive similari- 
ties between man and ape, there is one 
fundamental difference and this differ- 
ence is one of kind, not of degree. 

That apes do behave like 
beings in many striking ways has been 
amply demonstrated by many students 
since Darwin. They give human-like 


human 


expression to fear, rage, jealousy and 
love. They 
even seem to express, quite eloquently 
at times, that highly prized virtue, grati- 
tude. But, in spite of these many like- 
nesses, there is one kind of behavior 
which is not manifested by any animal 
save man, and that is the use of symbols. 
And, I repeat, this difference is one of 
kind, not of degree. An animal is either 
capable of using symbols, or he is not; 
there are no intermediate stages. 


play games and jokes and 


OF 


MICHIGAN 

One reason why discussions of mental 
differences between apes and n 
been so muddled is because su 
lessly inadequate terms as ? n, ti 
**Can d S ! | strates 
Impass¢ 1! » W ] 1 ! 
leads S ) I I 
ean be defined ’ H 
beings use symbols s do n It 1 
mains Io! IS 1 l ! 1 

symbol pre 

lox NG ( \ y 

Before discuss S 7 I 
should like to d 
wl ch d STL UIs! prim tes Irom 
inimals, nal the ability to use 
I do not wish to go s ras tos t 
primat alon il ng mais use t ~ 
I have heard nts \¥ ! 
branches or sticks their trum 
But certainly, the primates alon re 
distinguished for their ability to use 
tools and to build according t reel 
conceived plans. It is true that beavers 
birds and wasps build. But they do not 
build according to f1 ely conceived 
plans. The structures accomplished by 
these creatures are built according ft 
plans which, specifi y, constitute a 
part of their respective hereditary equip 
ments. But apes’ can build according 
to plans which are formulated to fit t 
situation of the mome! Thus an - 
ean build a structure of boxes and, wit 


a tool which he has made by joining two 


sticks. knock a banana from the roof of 

his cage The buildi activities of 

beavers, birds and wasps do not vary 

beyond narrow and rigid limits. But 

the ape can adapt his building activities 
1I am referring chiefly to chimpanzees 
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to any situation: moreover, he can de- 
vise tools appropriate to the occasion. 
The difference between the tool-using 
and the building capacities of apes and 
other then, this: The 
behavior patterns of the non-primates 


lies in 


animals, 
are hereditary equipment of limited 
scope; the tool and building patterns of 
apes are not inherited, but are devised 
freely and for a range 

The ape has the capacity to con- 
ceive of then to 
project them into materials, tools and 
He has the capacity to exe- 


creat of situa- 
tions. 
configurations and 
objectives. 
cute a series of acts implicity before he 
commences them overtly. Figuratively 
speaking, he rehearses in his mind the 
series of steps necessary to attain an 
Then 
he proceeds to re-arrange his environ- 
Thus the 
ape is a sub-lingual architect, or, 
a dramatist. To that he 
plishes his feats of building by trial and 
error is absurd. It is true that 
like men, make trials and commit errors. 
gut this does not mean that out of a 
mass of random movements a plan is 
born. 
with; the trials and errors are- simply 
the incidents of his attempt to realize it 
in action. If this were not true the ape 
would be as likely to try to stand on his 
bowl of water as a packing-box to reach 
a banana, and as likely to try to poke it 
down with a gunny-sack as a stick. 


objective before he makes a move. 


ment according to his plan. 
even 
say accom- 


apes, 


The ape has the plan to begin 


Capacity To Use SYMBOLS 

We see, then, that primates differ 
from non-primates in the manufacture 
and use of tools and in the capacity to 
build. We now turn our attention to 
the capacity which distinguishes man 
from the other primates as well as from 
other animals, birds and insects. This 


is the capacity to use symbols. A sym- 


bol is a datum—a sound, an act or a 
material object—the meaning of which 
is arbitrarily assigned to it by those 
using the symbol. 


It differs in this re- 


The me 


ing of anything is simply its position 


, ' — 
spect from all other things. 


its context. The meaning of a non-s’ 
bolic datum is determined by the pr 
erties which inhere in the datum its 
and by the inherent. properties of 
context. Thus, the meaning-of a car 
paddle, for example, is determined 
the shape and properties of the w 
and by its relation to a person, a ca! 
and the water. We are now in a p 
tion to distinguish between the symb 
behavior of human beings and the 1 
symbolie behavior of other animals. 


Man, bird and beast communieat 
with sounds. But there is a fund 
mental difference between the vo 
utterances of birds and beasts and t 


The 


infra-human cries is determined in. t 


language of man. meaning 
phonetic elements themselves and in t 
organisms of the creatures using ther 
But the meaning of a word, a phonet 
element or compound, does not inhe: 
in the sounds themselves; they are 
signed to them by the users. Thus, t 
phonetic compound st has no meani! 
in itself; it may refer to the act of th 
eye, a great body of water, an affirmative 
or something else. The meanin 
this 
pound in purely arbitrary fashion. But 
the cries of birds and animals are differ 
ent. When a mother hen 
warning to her chicks, the meaning in 
heres in the sounds themselves and in 
the of the chickens. The 
situation is slightly different when 
animals are taught to respond to words 
Here the meaning of the sounds are not 
inherited by the animal, but neverthe- 
less the meaning still inheres in the very 
sounds themselves. In short, cries are 
signs to birds and animals, not symbols, 
whether they be learned or inherited. 
The same is true of acts and material 
objects. The meaning of an act or a 
material object to an infra-human crea- 
ture is determined wholly by the prop- 
erties of the act or the object itself and 


reply 


been assigned to sound-con 


has 


YY 


sounds a 


organisms 
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its relation to its context. But this is 
not always true where human beings are 
eoncerned. A stone is simply a stone to 
an animal or a bird, but to a man it may 
be the repository of a spirit. ‘‘Those 
aren’t just Pueblo Indian 


once told me very emphatically, when 


sticks,’’ a 


we were discussing prayer-sticks. And 
They looked like 


uninitiated, but 


indeed they weren’t. 
sticks’’ to the 

they were sacred symbols to the Indian. 

Why? 

ated by the human organism and arbi- 


‘* Just 
Because meaning had been ere- 


trarily assigned to them. 

And the same is true of many acts. 
Raising the right hand when taking an 
oath has no meaning whatsoever in the 
act itself ; the meaning has been assigned 
to it. 

THREE Types OF MENTAL BEHAVIOR 

We are now in a position to outline 
three types of mind as manifested by 
organic life. And it is important to 
insist upon the qualitative differences 
them. Due perhaps to the 
infiuence of the idea of 


between 
dominating 
gradual evolution, many scholars have 
sought to interpret stages in mental de- 
velopment as differences of degrees. 
But certainly differences of 
abundant 
quadruped either lays eggs or hatches 
them within the body. An animal 
breathes with gills or with lungs. And 
so, in the evolution of mind (which, 
after all, is simply a function of the 
organism, just as metabolism, respira- 
tion and reproduction are) we have 
definite breaks, or, more accurately, dif- 
ferent types of organization of behavior 
which are qualitatively different from 
each other. These three types of mind, 
then, constitute stages of evolutionary 
development. Let us now turn to an 
examination of them. 


kind are 


organic we: a 


enough in 


THE UNILINEAR TYPE 
This is the first stage. In its simplest 
form, the behavior pattern of the or- 


ranism Ss S 
appr Ss or S 
lus. In more eo 
t} tv? . } 

iS l 
responses I 

I 
oT t/ j 
IS a unlineal 
ganiam and 
anism anda s s 


fence and he ru ! 

to go through a gat piv re 
sponding successivel: 

stimuli. This type of m t 
tool-using type and embraces 


primate creatures 


TI EG iy 

This is the tool-using ty] mind 
and is represented by primaté ! 
Here we have a | linear connguratiol 
that is, a relationship between primate 
and tool on the one hand, and a relatior 
ship between tool and ol tive on the 
other. Both exist and function sim 
taneously in the 1 1 of the primate 
This means that the primate can create 
configurations imaginatively, configur: 
tions which are in no way determined 


by heredity, and having crea 
figurations he can project them into acts 


and materials In short, he can make 


tools and build. I eall this type of mind 
the geometric type because it deals in 


geometric quantities—both plane and 


solid 


the infra-primate creatures can behave 


lines, mass, and motion. None of 


in this manner. 


Tue ALGEBRAIC TYP! 
This is the third and most recent stage 
in the evolution of mind It 


i is repre- 
It consists in the 


sented by man alone. 


manipulation of symbols. In one re- 


spect it is like the geometric type: it 
consists of bi linear configurations, the 


imaginative creation of configurations 
and their projection in 
sounds, acts and But it 


differs in one respect from the geometric 


subsequent 


materials. 
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type, namely, in the sources of the 
meaning of their respective data. The 
meaning of data of the geometric type 
inheres in the properties of the data 
themselves: the meaning of a hammer 
or needle, a stick or a stone inheres in 
the object itself, just as the meaning of 
a right-angle or a circle inheres in the 
configuration. But the meaning of a 
symbol, like the meaning of an alge- 
braic quantity, is assigned to it, in 


X may equal 


ten horses or three quarts of milk or 


; 


purely arbitrary fashion 
anything else. This type of mental or- 
ganization, like the unilinear and the 
geometric, may be complicated by the 
multiplication of items involved in any 
given situation, until one manipulates 
symbols with symbols. In every-day 
language, we call this ‘‘abstract think- 
ing,’’ but the essential quality of the 
behavior remains the same. All lin- 
ruistic thinking is abstraction. 

Organic evolution has, then, produced 
three great types of mind, or mental 
organization, the first including all non- 


primate organisms, the second primates 


only, and the third man alone. 


THE SIGNIFICANCE OF THE MENTAI 


CAPACITIES OF PRIMATES 


Infra-primates perform ; primates 


ate as well. Beavers go on buil 
dams generation after generation, 
repeat their social life with each 
cession of progeny. But with prin 
we get creative ability ; the ape 1s 
world’s first artist. But the ape 
not preserve his works, nor does he 
about them. Man does both. Civ 
tion may be defined as the accumu 


products of man’s tool and S\ 


capacities; the former gives us th 
terial side of civilization and the 


the intellectual and spiritual. 


Postscript : Professor Edward §S 
who kindly read this article in n 


; 


script, suggests the terms reactiv: 


strumental and symbolic for the tv 


of mind which I have ealled un 
geometric and alge braic, 


While I am 


terms because of the emphasis v 


respect 


preserving the orig 


they place upon the configurative as) 
of mind, I feel that Professor Sap 
terms should be placed at the disp 
of the reader.—L. A. W. 
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THE PIPES OF PAN, OLD AND NEW 


By Dr. DAYTON C. MILLER 


PROFESSOR OF PHY » CAS 


For many years we have been study- legends of a1 “ 
ing the flute both historically and scien-_ ern artists, ar n 
tifically, and in doing this a collection of repea ed no , 
instruments illustrating all types of a varial n s 
flutes has been acquired, now numbering _ three, five « 
more than a thousand specimens. Sev- less capricio Tl 
eral of these have been selected for dem-  strument is so s 
onstration, representing the older types Cc p to n a 
and also the most modern. musical in its t it su 

The flute is probably the first musical the present tin a 
instrument used by man; it antedates common use | ; 
history, and there are many legends and of the sea, in 
myths regarding the origin; ‘‘its in- for modern m : 
fancy was passed in the twilight of rural district r 
fable.’’ For our purposes the flute may Italy. They 1 vario 
be defined as any mouth-blown musical corresponding ! 
wind-instrument, in which the sound _ tenor, bass ar 
originates in the vibrations of the jet of ody instrume) S 
air. twenty-« t 

The earliest form of flute is a simple, length fron 
natural piece of bamboo, a few inches inches. T! used 
long, which may be open throughout its mony usua one 0 
length or may be closed at one end by’ tuned pipes : 
the natural septum. When one blows added mer 
across the open end of such a tube, a rgest pipes n et 
musical tone is produced. The edge of five f¢ in | \ 
the tube may be blunt, or may be bev- bands, consis n 
elled to a sharp edge. The primitive forty perfor “ 
flutist soon discovered that tubes, or which has tl a 
pipes, of different lengths give tones of Such a band « 
different pitches, and so he tied several IS in! coll 
pipes together, side by side, and pro- It was prob irly di 
duced what is now called by the rather that a simple p 
poetic name, the Pipes of Pan or Syrinx. hole in the sid ube, wo 
This is probably the instrument referred two to de m wi 
to in Genesis, called in Hebrew, ‘‘Ugab,’’ hol open ( hat f 
and translated in the English version as of one of tl 
“‘organ.’’ The poetic and romantic position of 1 

1 Primitive and modern flutes were played oped the ver pe o _ 
by Professor Miller during his talk to demon strument consi a ng ub 
strate their tonal qualities. with a larger } 4 ul 


( 
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finger-holes, from which a scale of musi- 
cal tones may be obtained. For simple 


melodie music, the number of 
quired in the tube can be controlled by 


holes re- 


the fingers directly. 

The Pan-pipes are sounded by simply 
blowing from the mouth across the open 
end of the pipe, and this method sur- 
vives to-day in the flutes used in classical 
Japanese and Chinese music. It was an- 
other prehistoric discovery that the pipe 
may be sounded by blowing across a hole 
in the side of the tube. A third method 
was early developed, of providing the 
tube with an artificial mouth and lips 
arranged to direct a jet of air against 
the edge of the sound-hole, as in the com- 
mon whistle. 

These whistle flutes were very widely 
used from the twelfth to the eighteenth 
They were made in various 
sizes, from a few inches to eight feet or 


centuries. 


more in length, and were played in quar- 
tets and in larger choirs or bands, some- 
times consisting of forty performers. 
This type of flute gives a very soft and 
simple tone, which may be described as 
mellow or sweet. The French eall it the 
Flite and the Italians refer to it 
as the Flauto Dolce, and in general it is 
known as the flute-a-bee or the English 
flute, as distinguished from the German 
flute to be described later. In England 
this whistle type of flute is known as the 
Recorder. 

Pepys’ (1632-1703) 


contains this entry: 


7 
aouce, 


Diary (1688) 


To Drumbleby’s and there did talk a great 
deal pipes, and did recorder, 
which I do intend to learn 
sound of it being of all sounds in the world 


about buy a 


to play on, the 


most pleasing to me. 
Shakespeare (1564-1616) 

a band of Reeorders in 

Hamlet says: 
Ham. O, the 


(turning to Guildenstern .. .) 
upon this pipe? 


introduces 
‘*Hamlet.’’ 


recorders! Let me see one 
Will you play 


Guild. My lord, I can not. 
Ham. I pray you. 

Guild. Believe me, I can not. 
Ham. I do beseech you. 


MONTHLY 


Guild. I no touch of it, my lord. 


Ham. It is as easy as lying; govern thes 


know 


ventages with your fingers and thumb, give 


breath with your mouth, and it will disco 


eloquent music. Look you, these are 


The whistle flutes are restricted 

range by the fact that the mouthpiece 

simply a hole in a block of wood and i 
inflexible. Though the tone is sweet, it 
lacks variety, and soon palls on one. <A) 
instrument maker of London, about 

hundred years ago, stimulated for a tim: 
the waning interest in the whistle typ: 
of flute by introducing the so-called En 
flageolet. He instruments 
with two, and three, body 
tubes attached to one head, so that o1 


glish made 


even with 
performer could play to a very limit 
degree music of two or three parts, sim 
ple duets and trios. 

The type of flute blown crosswise di 
rectly from the mouth, over a hole in tl 
side of the tube, has been known for tw: 
the strengt} 


thousand more; 


and quality of tone ean be varied, and 


years or 


is much more effective than flutes of th 
whistle type. However, it became a ri 

musical instrument only about two hw 
dred and fifty years ago, when the first 
key was added, so that a complete musi 
This kind of 
Ger- 


eal scale became possible. 
flute, known as the transverse or 
man flute, was held in very high esteem, 
being the most popular of all musical in 
struments for more than a century, be 
ginning about 1700, when it became one 
of the principal instruments of the or 
chestra. 

As music grew in complexity, addi- 
tional holes in the sounding tubes were 
required and these were controlled by a 
key mechanism which sometimes is very 
complicated. Some flutes have as many 
as eighteen keys. There then developed 
the necessity for more accurate intona- 
tion and more uniform quality of tone; 
this led to the modern concert flute, 
which is usually constructed upon the 
acoustic and scientific principles devel- 
oped about eighty years ago by Theo- 
bald Boehm, of Munich. The Boehm 








— 


eal 
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system flute probably approaches more 

nearly to the scientifie ideal than any 

other musical instrument. It is par ez- 
lence the instrument for th 

siastic lover of chamber music, while it 


e enthu- 


retains its prominent position in the or- 
ehestra. The musical literature for t] 
flute is greater than for any other solo 


instrument, exe -pting only the violin 


Flutes of different sizes and made of 
LIQUID 


CHIEF OF THE DIVISION OF HEAT AN 


7 


THe production of liquid helium in 


the low temperature laboratory of the 
National Bureau of Standards in Wash- 
ington affords an opportunity for a 


ce 


brief account of why the production of 
very low temperatures is important, 
what we may hope to accomplish with 
them, and perhaps for correcting some 
rather common misunderstandings about 


hem. The name ‘‘fixed eas’’ was used 


at an early date to designate those gas 
which had never been obtained in liquid 
form. As time went on, the list of fixed 
gases continually became smaller as one 
after another was liquefied. Although 
chlorine and hydrochloric acid gas prob- 
ably had been liquefied in 1804—6, it was 
not until in 1823, when the great pioneer 
scientist Michael Faraday accidentally 
liquefied chlorine gas, that a systematic 
study of the properties of gases was 
begun. Faraday promptly sensed the 
meaning of his discovery and thus be- 
gan the studies which led to our present 
knowledge of gases. Faraday himself 
succeeded in producing liquid hydrogen 
sulphide, carbon dioxide, nitrous oxide 
(laughing gas), cyanogen, ammonia and 
hydrochloric acid gas. 

This knowledge has made possible the 
entire industry supplying us with ice, 
ice cream and cold storage products, as 
well as our widely advertised gas and 
electric household refrigerators. In all 


HELIUM 


By Dr. H. C. DICKINSON 
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nozzle or valve. This fact permits the 
regenerative refrigerating system which 
is now generally used to liquefy gases. 
The gas is first compressed to a high 
pressure, then cooled by any convenient 
means to as low a temperature as neces- 
sary, and allowed to expand through a 
small orifice. This cold gas is then used 
to further cool the compressed gas which 
follows it. The colder compressed gas 
is still further cooled on expansion and 


the process goes on, the temperature 
going lower and lower, until finally 
liquid is formed. Other methods also 


are used for making liquid air in large 
quantities, but this is the process by 


which the more difficult gases are lique- 


fied. 

Of the more difficult gases, air is 
easiest to liquefy. This liquid was first 
produced in measurable quantity in 


1883. Hydrogen comes next and was 
first made in 1898; liquid helium, how- 
ever, is a vastly different matter. It 
was first produced by Professor H. Kam- 
merlingh Onnes at Leiden, Holland. 
This Dutch professor and scientist was 
the dean In the 
very early days, about 1890, he started 
the great low temperature or cryogenic 
laboratory at Leiden. For some forty 
years he devoted most of his great energy 
to researches in the field of very low 
temperatures. His descriptions of the 
difficulties and disappointments of his 
early work are intensely interesting. 
After years of careful study and prepa- 
ration in which all the less difficult gases 
were liquefied many times the first liquid 
helium in the world was made in 1908. 
Professor Kammerlingh Onnes died in 
1926, but Professors Keesom and de 
Haas, his successors, carry on the work. 
I saw and photographed a small tube of 
liquid helium in their laboratory last 
summer. It was surrounded first by a 
vessel of liquid hydrogen and outside 
that by a flask of liquid air. 

Now helium itself is not a common 
substance. Most of the world’s supply 
is found in the United States, and it is 


of all gas liquefiers. 


collected from a few natural gases whic! 
only a small percentage 
As you all know, it is the lig] 
It is used |{ 


contain 
helium. 
est gas except hydrogen. 
military airships because it is totally 
nonburnable and safe. It is by far tl 
most difficult gas to liquefy because its 
boiling point, — 452° F., is much lower 
than that of any other gas. The ter 
perature means little, however, until o1 
calculates that it is only about 7.6° |] 
above absolute zero, the lowest possib] 
temperature. Compared with this t! 
temperature of liquid hydrogen is 36.7 
F. and that of liquid oxygen 162° F 
above the zero. The lqui 
helium produced at the Bureau 
Standards recently was further coo! 
to 3.4° F. 
pressure with a 
very lowest temperature ever produced 
similar 


absolute 


absolute by lowering tf!) 


vacuum pump. T 


way aft 
months Profess 
Kemmerlingh Onnes and was about 1. 


reached in a 
of preparation by 


was 


I’. absolute. 

The process of liquefying helium is a 
complicated one on which the staff of th 
bureau has been for many 
months. First cold brine is used to co 
earbon dioxide and to precool air. Th: 
carbon dioxide is then used to cool and 
liquefy air, the liquid air is then further 


working 


; 


cooled by reducing the pressure and used 
to cool and liquefy hydrogen. The pres 
sure on the liquid hydrogen is then low 
ered to a point where the hydrogen 
begins to freeze. This very cold hy 
drogen is then used to cool the com- 
pressed helium which on expanding fur 
ther cools itself and finally becomes 
liquid at a temperature of 7.6° F. abso- 
lute. 

From 1908 to 1923 liquid helium was 
available only at the University of Lei- 
den. In 1923 it was liquefied at th 
University of Toronto, Canada, by Pro 
fessor McLennan; in 1925 at the Physi- 
kalische Technische Reichsanstalt, Ber- 
lin, Germany, by Professor Dr. Meiss- 
ner; at the University of Berlin in 1930 
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by Professor Ruhemann; and finally at 
the Bureau of Standards on April 3 by 
Dr. F. G. Brickwedde and his staff, Mr. 
Cook, engineer, Mr. Scott, junior physi- 
cist, Mr. Smoot, mechanician, and other 
assistants. 

But why produce liquid helium? In 
the first place, we have at present an 
international temperature scale which is 
uniform throughout the world, but has 
not been extended to the lowest tempera- 
tures, and liquid helium will assist in 
making this extension possible. 

Beyond this, however, you have all 
heard much of Professor Einstein and 
perhaps something of other scientists 
new working on the very difficult subject 


DID PREHISTORIC 


i 
of the const 
universe. This mod | 
back the confines « I cert 
has alread) Vil 
tries and our ev ry da 
such things as the radio, x-ra: 
sion and numerous others I 
some of the most d ut qu 
raised by these r rehes 
swered only DY resort 
phenomena at the tem 
possible by liquid HneiuMm 

There is now availa at the B 
of Standards in Washington a labora 
tory where some of the interested 


such problems as are here mentioned ca 


find the answers 


MEN LIVE IN THE 


MIDDLE WEST? 


By Dr. M. M. LEIGHTON 


CHIEF OF THE STATE GEOLOGICAL SURVEY, URBANA, ILLINO 


Just a few weeks ago, a very impor- 
tant and a very unusual conference was 
held in Chieago, under the auspices of 
the National Research Council. This 
conference brought together a distin- 
guished group of highway and construc- 
tion engineers, railroad officials, state 
geologists, noted anthropologists and 
heads of sand and gravel companies, 
from all parts of the Middle West. 

What do you think they talked about? 
Was it engineering problems? The best 
ways to build railroads, highways, 
buildings? Not at all! They talked 
about prehistoric man and what should 
be done in an effort to discover either 
his remains or some evidence of his hav- 
ing lived in this region thousands and 
thousands of years ago. Recent scien- 
tifie discoveries, in Europe and Asia 
especially, have proved definitely that 
man’s life on the earth dates back as 
much as a million years, but not on this 
continent. 

In the past, possible discoveries have 
been made in this country—discoveries 


that might have furnished 

with the proof that the yun eded to settle 
the question, but the finds were ren 
dered valueless by their removal when 
found. 
even be touched until trained scientists 


Such discover should not 


have given them their study and formed 
professional opinions on the spot 
Sometime, somewhere in the Middl 


West, some one is apt to make an 1 p 
tant discovery during the course of 
some commercial excavation, and ft 


men who attended the conference in 
Chicago want that discovery to be made 
under conditions that will give it the 
scientific endorsement that it will cer 
tainly deserve. 

During recent years, the search for 
the bones of our earliest ancestors has 
caught the popular interest, and most of 
us read with enthusiasm the newspaper 
and magazine accounts of the ambitious 
expeditions that are led by Roy Chap 
man Andrews, and other famous ex 
plorers. 

You will recall that most of thes 
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‘‘hunters after truth’’ conduct their 
southern Europe, or in 

Asia Minor, or in 
There is a reason for 


searches in 

western Asia 
northern Africa. 
this. Anthropologists are 
agreed that the first humans lifted their 
eyes from the ground and stood erect 
beneath the clear skies of the Mediter- 
ranean region. It is practically certain 
that mankind’s birthplace was within 
2,000 miles of the plains of Syria, which 


and 


generally 


as you know lie at 
the Mediterranean Sea. As I 
thorities agree on that point, but there 
of opinion among 
them in regard to the direction from 
Syria of that all-important locality. 
Each expedition is based on careful re- 
search and _ well-supported opinions 
whether it plunges into the African 
wastes, treks across the desolate plateaus 
of southwestern Asia, labors under the 
seorching sun of Arabia, Mesopotomia 
and Persia, or earries on its investiga- 


Say, au- 


is wide difference 


tions under more pleasant conditions in 
Europe. No one can yet say that his 
idea has proved to be the correct one. 
But hope persists eternal. 

From this native district, wherever it 
may have been, the first race of humans 
spread slowly across the face of the 
earth, along four main lines of migra- 
tion. One group apparently struck out 
to the southeast and developed into the 
Australoid race. Another group mi- 
grated to the south—the ancestors of 
the Negroid race. A third group, fortu- 
nately, decided to shift to the northwest 
and in time developed into the Cau- 
casian or white race. The fourth group, 
for some reason or other, was attracted 
by the ever-receding horizon to the 
northeast, and they moved in that direc- 
tion, to become the ancestors of the Mon- 
goloid race. 

As successive generations of these 
groups migrated farther and farther 
from the unknown central! locality they 
became more and more affected by vary- 
ing conditions of climate, natural re- 
sources, food supplies and living habits, 


the eastern end of 


so that in time each group became d 
ferentiated from the others in respect 
color of 
stature, relative mentality and ecultur 

Before 
of mankind 


skin, features of the fa 
achievements. long, the fi 


major races were vi 


clearly and distinctly demarked. 

Now to get back to the 
whether or not prehistoric man e) 
lived in the Middle West. All the « 


dence seems to point to the fact 


question 


man very probably did not originat: 
the new world, but that he migrat 
from Asia, by way of Siberia 
Alaska. But when did this migrat 
take place, and to what human level | 
these first Americans developed W 
they first set foot upon the Nor 
American mainland ? 

We know that prehistoric men li 
in western Europe and in eastern A: 
long before the last epoch of the Gr 
lee Age. the 
which caused the ice 
world-wide in their influence, 
ice invasions took place in North Am 


Since climatie chans 
invasions 


and 


ica and Europe at the same time, 
glacial deposits and the human reco! 
that they may contain beth in Eur 
and America, be correlated 01 
fairly exact time basis. Why should: 
we find evidence of glacial man in t 
country? Surely, the American |! 
dians, the Mayas, the Aztecs and 
Incas were not created as the white ma 
found them. They must have develope: 
from some common ancestral form, : 
that development must have been goil 
on for thousands of years before t 
white man arrived, so great were 
racial and even tribal differences by t 


can 


time. 

Did the ancestors of 
Americans get here before the last great 
ice invasion; did they arrive during t! 
time of the ice invasion itself; or di 
they get here after the great glaciers 
had melted away? Only time and car 
ful search of the various glacial deposits 
ean clear up the mystery. These depos 


these nati 
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its cover most of the surface of W iscon- 
sin, Minnesota, Michigan, Illinois, Indi- 
ana, Ohio, northern Missouri, lowa, 
northeastern Kansas, eastern Nebraska, 
and areas to the north, northwest, and 
northeast. 

We are entirely justified in project- 
ing the possible existence of the first 
Americans back as far as the closing 
stages of the last glacial epoch, and to 
say that they may have witnessed the 
spectacle of a great ice sheet. If that 
was the case, some proof of their ex- 
istence at that time should be preserved 
in the glacial drift deposits of the Mid- 
dle West. There are some people who 
believe that the extinct race which we 
refer to as the Mound Builders were a 
very ancient race of people. This 
group flourished in the Middle West 
possibly as much as 5,000 years ago, 
probably no earlier. They were, beyond 
question, descended from more primi- 
tive stock, which may or may not have 
preceded thera in this region. We must 
look back thousands of years beyond the 
first days of the Mound Builders, if we 
are to solve the mystery of the original 
Americans. 

How about the cliff-dwellers of the 
Southwest? Will their records solve the 
riddle? No, I am afraid not. Old as 
are the ruins of their once populous 
communities, they date back no earlier 
than 500 or 600 to 2,000 or 2,500 B. C.— 
only a fraction of the time that has 
elapsed since the Great Ice Age. Then, 
too, we must take into account the fact 
that the skulls of both the Mound Build- 
ers and the early cliff-dwellers show that 
these people belonged to the species 
homo sapiens, as does modern man him- 
self. They were distinctly not members 
of an earlier, more primitive prehistoric 
race such as the early Ice Age men be- 
longed to. Every now and then some one 
finds some fossils in North or South 
America, and advertises them as the re- 
mains of an ancestral man or even an- 
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Cial S have D n s 
insecurely Tounded ra 
hunt is still as hot e\ 


In t] > last 


tion of the antiquity m n A? 


must be answered b 
ogy. With what 


the oldest remains of man or 


implements associated 
So far, ho positive 


unearthed to show that humans 


hereabouts during Glacial times 


relics, in order to be satisfactori 


must be found in association wit 


cial deposits or related deposits 
do find them below glacial dey 


have not been disturbed since t 


laid down, then we ean be sure t 


relics are older than the material 


have buried them. It is equa 
apply the same line of reasoning 


explanation of any discovery sh 


that man lived here during the tir 
the glacial materials were 
posited. 


We ean be greatly encourag: 


some findings which seem to be 


authoritative, as, for example, the 


cent discovery in Oklahoma of a 
made flint spear point, which was 
lving with the bones of primitive 
phants, horses, camels and smaller 
mals—all of which creatures ar 


lieved to have be¢ me extinet 
continent during the Great Ice 
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Ag 
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shortly after its close We can Say defi 


i 


nitely that some form of mankind lived 


here before the extinction of these 


ic 


rms 


of animal life which were abundant 


during the Ice Age, but which : 


ire 
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Li 


t 


known to have lived very long beyond 
for 
thinking that migrants of the Mongo- 


that period, and there is reason 


lian race may have crossed the 


Bering 
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Strait before the close of the Glacial 


t } 


Period, long enough ago for them to 


populate extensively the western 


sphere before Columbian days 
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HOW A SPIDER CAUGHT AND DINED 
UPON A SIX-INCH SNAKE 


By L. F 


. PINKUS 


CENTRAL HIGH SCHOOL, ST. LOUIS, MO. 


Ir one were to study the menus of 
various centuries and races one would 
obtain an extremely interesting result. 
It was not only Lucius Lucinus Lucul- 
died 57 B. C., that devised 
Even some members of 


lus, who 
splendid meals. 
our animal world seem to have quite a 
Lucullan appetite at times. This part 
of natural history has interested quite 
a number of our great naturalists. Dar- 
win, Fabre and others owe some of their 
intimate knowledge to their great in- 
quisitiveness concerning the dinner 
plates of our little foes and friends. 

I myself recently had the rare op- 
portunity of getting a glimpse of an 
unusual bill of fare of our well-known 
yellow-black garden spider, Miranda 
aurantia. Lucas, in 1833, according to 
Anthony Comstock’s ‘‘Spider Book,’’ 
gave this beautiful creature the name 
Miranda from the Latin word meaning 
‘*to gaze upon,’’ ‘‘to wonder,’’ and 
aurantia meaning ‘‘golden’’ (Fig. 1). 

That spiders like what seems to us un- 
usual foods for them has been attested 
by various observers. In his ‘‘ American 
Spiders and their Spinning-work’’ 
(1889), Henry McCook relates a story of 
a farmer who found a bird, the kingster, 
entangled in the snare of such a spider. 
Another case occurred near Philadel- 
phia, where a David DeHaven found a 
humming bird being captured in a 
spider’s web. The observer watched 
the process of swathing the poor victim 
until it was completely wrapped around, 
when he slew the spider and rescued 
the bird, too late, however, for it was 
quite dead. Several instances of spid- 


ers as fishermen and hunters are related 
by Professor E. W. Gudger in Natural 


whic] 


History, Vol. xxv, No. 3, from 
work I quote the following account 
S. Cummings: 


On the evening of the 13th inst. a gentle: 
in this village [Batavia, N. Y.] found in } 
nine inches long 
suspended between two shelves by the tail, | 
spiders’ web. The snake hung so that his h 
could not reach the shelf below him by about 


wine cellar a live striped snake, 


inch; and several large spiders were then uy 
him, sucking his juices. The shelves were ab 
two feet apart; and the lower one was just b 
low the bottom of a cellar window throug 
which the snake probably passed into it. Fri 
the shelf above it there was a web in the shay 
of an inverted cone, eight or ten inches in « 
ameter at the top and concentrated to a fo 
about six or eight inches from the under sid 
of this shelf. From this focus there was 
strong cord made of the multiplied threads of 
the spiders’ web, apparently as large as co! 
mon sewing silk; and by this cord the sna 
was suspended. 

Upon a critical examination through a m 
nifying glass, the following curious facts 
peared. The mouth of the snake was fast ti 
up, by a great number of threads wound arou 
it so tight that he could not run out his tong 
His tail was tied in a knot, so as to leave 
small loop or ring through which the cord w: 
fastened; and the end of the tail, above t! 
loop, to the length of something over half 
inch, was lashed fast to the cord to keep it f1 
slipping. As the snake hung, the length of t 
cord from his tail to the focus to which it w 
fastened was about six inches; and a litt 
above the tail there was observed a round b 
about the size of a pea. Upon inspection this 
appeared to be a green fly, around which tl 
cord had been wound as the windlass with wh 
the snake had been hauled up; and a great 
number of threads were fastened to the cord 
above, and to the rolling side of this ball 
keep it from unwinding and letting the snak 
down. The cord, therefore, must have been ex 
tended from the focus of the web to the sh 
below, where the snake was lying when first cap 
tured; and, being made fast to the loop in his 
tail, the fly was carried and fastened about mid 
way, to the side of the cord. And then, by 
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L. F. Pinkus 


FIG. 4 \ YOUNG 6-INCH SNAKE, 
TROIDOCLONIUM LINEATUM 
lasting over a period of days. Just what 


spiders were responsible is not known. 
Let me now add my little story of how 

the Miranda, the 

caught and dined on a snake 
In order to 


‘wonderful’’ 
Fie, 3 
make the instruction of 


natural history for the city pupils as 
vivid as possible | keep a few live pets 


The 


specl 


of various kinds in the laboratory 
boys also oceasionally bring in 


mens. One day, a pupil brought in a 
Tropido lonium lineatum 
brood of 


exhibited 


lined-snake 
a mother with a 
After hayng 
trophy for a few days in a cage I had 
but 


young 


Ones 
proudly his 


provided, he took his booty home. 
snake about six inches 
left 


follow Ing 


overlooked a little 

which he unwittingly in the 
Fig. 4 Th 

used this cage as a home for 


“? Wi anda 


long, 
cage 
a full frown 
aurantia.’’ It 


female Was a 


vecimen by 


spider, 
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few hours later that we noticed that 


place was already occupied Rat 


strange room-mates. the spider and 


snake, although both are despised rie 

bers of the animal world. And her 

strange drama begins 
The yellow-black 


quite at 


lady 


and during the first 1 


made 


home 


of her stay manufactured one 


beautiful art pieces, placing her 
Ried 


diagonally across the cae 


two occupants lived together in pr 
for a few days in the same quart 
apparently not minding each other 


were ted by the pupils or by mvsell 
()ne fine morning I entered the la 
found the 


exeited 


ratory and members Ol 


class very Stepping up to 


cave where they had vathered. | noti 
floor of the 


, 
the snake 


lving on the 
quite changed, as one may see Tron 


ecompanying picture (Fig. 6 








PIG. 5 THE ‘*WONDERFUL 
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A SPIDER AND A SIX 


r was sitting in her web, which w 


: 
tely thirty 


vely as ever. Immediately 
nesters bombarded me with ques 
ns: for the excitement was intense as 
numerous conjectures as to what had 
} nened were being hotly defended 
1 as ardently denied by the vouthful 
servers. The questions hurled at me 
uuld not fully answer at the time 
\fter a while one of the laboratory 
tendants gave us the explanation. Thy 
vious day after we had left the room 
happened to come to the plac and 
s not a little surprised to find that the 
ike was caught with the tail-end in the 
der web. The astonishing thing was 
t the reptile, in spite of frantic 
rts. could not free itself from. the 
ed The busy arachne Wrapped her 
bbon-like threads around the = snake 
re and more She seemed to make 
se of the situation to her advantag 


because while the snake Was doubling 


p, the spider tied the victim up in suel 
i way that the snake could not straighten 
out again. Aiter a while the snake 
seemed to be overcome by Thre polsol 
from the bites of the spider. Soon after 
that, the spider hoisted her prey to the 
center of the web and dined on the snake 
in her fashion. When she had finished 
she cast out the remains, leaving us the 
specimen in the shape as the picture 
illustrates (Fig. 6 Then she rebuilt 
her web. 

It will be seen that the entire process 
of enveloping the snake, and particu 
larly of extracting the juices, lasted but 
a short time. This is at variance wit] 
the accounts mentioned in the early part 
of this paper, but is entirely in accord 
with both the observations and the ex 
periments made by Dr. Ernest Warren, 
Director of the Natal Museum Ili 
found that the South African spider 


dealt with had captured a lizard and had 


eaten practically all of it within two and 
a half hours In describing the feeding 


process and the action of 1 digest 


fly 1) 
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THE NEW ORLEANS MEETING OF THE AMERICAN ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE 





Arrer twenty-five vears the American many buildings st st 
) issociation for the Advancement of date from the days 
ence returns to New Orleans for its | Spanish occupations 
nter meeting, to be held from Decem Professional histo . 
r 28 through January 2. Once again © sightseers alike 
lane University is the host institu the Cabildo. or e 
! Spanish era, whel 
New Orleans, with its mild winter Louisiana Purchase to 1 United St 
a northern [Indian summer—will, it by France took } { (ld Abs 
~ hoped, enable delegates to appreciate Hous where ft kre) pirates 
wealth o¢ interesting settine in this Crult plotted; the St ; a 
nique area of the United States one of the oldest religious edifices 
Though it has grown to be a cosmo North America: the ntidque st 
politan city of half a million, New” the Rue Royale. Just outsi 
Orleans still offers a startling contrast is the battlefield of Chalmette. sce 





between a modern commercial metrop the Battle of New Orleans. in the W 
is and a historical section Whiose of 1812. the colon Manso? Ser . 
French and Italian inhabitants suggest headquarters by General Andrew 4 
Europe rather than twentieth century son is preserved as a memoria \ 

America. The Vieux Carré, which Is sible by motor bus are the adj 

to be the ground for siehtseeing trips countrys districts. where archaic Frenel 


by all sections of the association, has is still heard as ote is Enel s 
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THE MUNICIPAL AUDITORIUM 


ILEADE OF ) 

s here that are found those descen Building ised for . 
dants of the Acadians whose story was so” third and fourt irs . 
eloquently told in Longfellow ’s ‘* Evan college that has made Tulane 1} 
veline.”’ known in the fleld of med SsCle) 

Contrasting with such an atmosphere is located on Tula \ : 
s the new $2,000,000 municipal audi the great Charity Hos} 

torium which the city has graciously of which are used 

placed at the disposal ot the assocélatiol building with eq ~ ! 

or its larger gatherings. Contrasting mately $1,250,000 : 
TOO, are the city *s 1.200 factories and the one of the most aery ‘ 
miles of shipping New Orleans has on (nited States for S 

the largest water-fronts in the world Since muel 
which bear witness to its position as the neering section Is 
gateway to Latin America sippi River flood 

The Qv acre CanMipus on Wiel are lo nev aborator ( 

ated the main departments of Tulan which Is one st ac 
University is in the heart of New colleg f engn ng 
Orleans’ most exclusive residential sec- importance. This Is ated in ft 
tion, facing the beautiful Audubon Park Engineering Building, wv : 
Thanks to the able administration of the school of civil engn ring fi 


President Albert B. Dinwiddie. the host Science Building, housing the Museun 


institution offers the visiting s‘ientists Middle American Researe! so | 
a whole series of new facilities which will of special interest. It is to be the see 
be of great value in carrying on the work of several meetings of the are] rica 
of the convention. The most important — section Another group of buildings 


of these is the new Hutchinson Memorial which is to be utilized is the H. Sopl 
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Newcomb College for Women, a division 
of the university which has its own cam 
pus. The dormitory buildings and 
Dixon Hall, the auditorium of Newcomb 
College, are to be used by the mathe 
matical section. 

In accordance with the objectives of 
the American Association for the Ad 
vancement of Science, the program will 
carry out the dual function of bringing 
together scientific men and their re 
searches on the one hand and at thie same 
time of promoting a better appreciation 
of scientific aims and accomplisl ments 
by the public. 


Five popular lectures, eacl which 1s 


to deal with some phase of social, physi 
cal or biological scence presented In a 
non-technical manner, will form the main 
portion of the part of the program for 
the public. These are to be presented 
on five successive nights at the munici 
pal auditorium. In addition, an exhibit 


of scientific apparatus and methods is 
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svinposium on **Growt! and three se adairess 
tions of the association Join In a discus cre 1?) 
sion of ‘*Social and Economic Institu I) rsit 
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iddresses will be the ninth annual -Josial \nad 
Willard Gibbs lecture by Professor P. Januar 
W. Bridgman, of Harvard University, o1 vl 
‘*Statistical Mechanics and the Second nterest 
Law of Thermodynamies,’* and one b ly nes 
Professor S. J. Holmes, of the Universit: nterest 
of California, on ‘* The Changing Biolog 

ical Effeets of Interracial Con petition si the ¢g 
Professor Richard P. Strong, of th ( 


Harvard Medical School, will gis 
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THE CENTENARY OF OTHNIEL CHARLES MARSH 
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